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1 acca cias ftcA w:cgccgcaa tqctqsotct GaccTa^rer TCCTCcrcce cccccgctcc 

61 GCTCCTCWCC TOTCTCGCTG ATOGAOCOaa CCCGQQAATC GCGG0CGGGG GTSGCAATOTT 
121 rCaCCTG&.6C STCaiTTCTT CGCCOCOCCG QnCGTGGCCT Q&AAAGGTCA A3ACCAAT*t"I 
181 CIPCftaiPTCCT GCGACECCQC GAAAAAACAA ASCCATGGTO ACTQTrGTGCJ AGQAGCTCGA 
241 CCAOCTTCCT ATATA3GRTC TOGACCCVAA GTTGGAGaAA TTCAAGGATC ACITCAACTA 
301 TAGGATAAAA AGATACCTCG ACCAOAAATG CCTGATT3AA AAACATGAGG GEOGCCTTGA 
3 61 ISM'lmCT AAAGGCTATT TGAAGTTTGa GATTAATACA GTTGATGerG CCAEAATArpA 
421 rCQTGAAIGO CCGCCTGCTQ CACAAGAAEC MTAaCTCAOT COIGAGTTCA ATAAOTGGAA 
481 TCJSTGCAAAa CACAAGA1>GG AGAAOQATAA ATTTGGCATT TGOTCAATCA AGATTTCACA 
541 TffiCAAa'OGC; AASCCTGCCA TOCCTCACAA n-CCfcAGGOT AAATTICOCT TTAGaCA^GG 
601 GGGTGGAGCA. TGOGI-FGATC RTHTTCCCGC ATGBATTCGT TATGCAACOT! TTGIAI'GCCIC 

6 SI TAAATTIGGA QCTCCAffiATG ATGGK3TACA CrGGGATCCT CCAOCCS-IMO AAAOGTACG™ 
731 GTITAAGCAT CCTOGAOCTC CAAAAOCTG* TGCTCCACGC ATCTATOAOO CTCftrrGTGGG 

7 91 GATGAGTGGT GAAGAGCCA3 AAGTAAGCAC ATACAG&G&A 'IT/TGCACACA AfGTtMTftCC 
B41 ACSCATACGG GCAAATAACT AC1ACACAGT 3CAGTTAAT«S GCAATCATGO AACAWCCTA 
901 CrATGCTTCT rTTOGGEATC ACOTGACAAA TTTITOCGCA OTCAGCAGCA GATi-AGOAAC 
9 61 ACCAGAUGAT C7K5AAATATC TTGTTGACAA SGCACATAOT 'I'liAGGATTAC OACHTCTGAT 

1021 GGATGTTGTC CATAGCCATG CGAGTAATAA TGTGACCGAT GSTCTAAATG SCTiTGACGT 
1D61 TGGACAAAAC ACTCATGAGT CTTATTTTCA TACAGGACAT AGQQGCTACC ATAARCTCTG 
1141 GSATAGrCGT CTGTTGAACT ATGCCAATrG <3GAGGWCTTA AJGATTTCTTC TTTCTAATT" 
1201 GftCA'jaTTOS AlGSaaQJVAl TCATGTTTCSA TOGCTTCCOA TTTQATGGOG TTACAXCAAr 
1261 GCTATAC2AT CACCACGGTA TCAATAAOSG ATTTACTQGA AACTACAAGG AGTATTTCAO 
1323. TTTGGATACC GATGTISGAtG CMTTOTTA CATGA'X'GCrC (3TAAACCA1M 1 TAATGCATAA 
1381 ACTCTTGCCG GAACJCAACTA nyrarTGCTGA AlwrGTOTCG GC3CAT-GCCAG TGCTTTGTCO 
1441 QCCAOTTOAT GAAGC73X5GAG TAGl3STTT(3A OTTCCGCCTG GCAATGGCCA TTCCtGATAG 
1501 ATGGATT<SAC TACCTQAAGA ACAAASAGOA OCGCAAATGGI TCAATGAG1H3 AAATAGT'SCft 

15 SI ABCT11UACT AACAGGSGAT AT AC AG A AAA ATGCAWCKC TATGCCGAG* UL'tATGArrs 
1621 GTCCAITGTT GOTGACAAGA OTATAGCATC TCHCTTGATC GACAAGGAAA TSI7UZACTGG 

16 Bl C&2GTCAGAC I'JGCAQCCTQ CJTCACCTAC aATCAACCGT GQCATTGCAC TCCAAAAGAT 
1741 GATICAClTC ATTACGATGG CC«"H3SAQG TGAT3GCTAC OTAAATT'in'A TCGGCAATGA 
1801 GTTTGI3CCAT CCAGAATSGA TOGACTTTCC AJ1CASAAGOC AACAACGCA SCTATGATAA 

issi ArGCAGacer tsusiesAGcc -t^wcgacac TCUtcaccw cgaiuacaast atatgaatgc 

1921 AilTCA'J-CAA GC^AATGAATG CACTCGAGGA OlSSA'TTTICC , ^i•CCSX^^CAl , CATCAAAGCA 
1981 GAITGTTAGC SACATGAACG AtSAAA«5STAA GGTTATTGTC TTT'GAACGIG GAQATTTO31' 
2041 Tl'TTGTTITC AATrTTCATC OCAACAAAAC TTACAAOGGST TACAAAGTCG GATOTGAOTT 
21C1 GCCCG03AA9 TACAGASTASj CTCTSGACTC TGATGCTITG GTCT-rTGOTO GCCAO'GSfVS 
2161 AGTTOGCCAI GATGTtSOATC ACTTCACGTC TCCCGAGGGA A1GCCAGGAG TaCCAGAAAC 
2 321 AAATTOCAAC AACCGCCCTA ACTCATTCAA AGOCCTTTCC CCGCCCCGTA CcrBTGTf**; 
2381 TTACTATCGC SmiAHSAAG ATCG^GAAGA ae^CAGQaDS GGTGGAOCAG «?CCTTC<MG 
3341 AAAGATIGTT ACAGAGTATA ICOATOTTGA AOCAACAAOT GOGGV3ACTA TCTCTGCTGQ 
2401 CrGGAAGGGC TCCSfttaftAGa JWGATTGTOe CAAGAAAOQG ATGAAOTTM TC-T'TCQ.3TC 
2 461 TTCTGACGAA GACTGCAAAT aAAGCSTCaG AT1TCTTGAT CAGGAGCAAC TGirrGGTGCC 
2521 eraaiMTCT 3GAGATCOTC GtnTOCCTTG GACTTGO'JTG TGGTTCKTA GCAGTTQCTA 
3581 TGTRCCTATC TATQATAKSA ACITOATOI'A -rAOTTCGCCT TAAAGAAAQA ATAXGCACTG 
2 641 AH3ATGTGQC CTTAAACCTG AGCTGCACAA GCCTAATGTA AAAATAAAUT TTCaOeCTTO 
2701 CATCCfiSAAT AAAACAGCTG TTCATTTACC ASCTCAAAA 
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!I^S4> 40% c 



a) JW^ffi'J SBEIIa ^j&*P/£pa£t£ #J SBEIIa 

b) «l AT^W»J SBEiia «*P/J^14ittift*£ 





c ) M: !l SBEIIb ^]ii^n/^^tt #J SBEIIb 

a) «t^i A7^#$'j sBEiib m&ft/mm&i&ffi 

/KTO SBEIIa SBEIIb M &M#VsR$£1£o 

J^M4> 50% o 



5, 1 M 4 ft *— 3MJW326W«tt. 0f*&##fc* 




7> 1 



8. «««l*«*2S7ft*-flliffjiW^» 3£#«E^, a^fiHHft 



SBEI SfiMfP/^^tt 



^-^^T7X J P^n/i!cSI^'|^6<j adp- 

¥tt GBSS I6IlP/»tto 



9. &ft&&m*.ims&m—mffmto®m. ^#me^, 

:^SI> SSI> SSII. SSIII. # 




Ji-I^ /a> >kAf 
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U m W M ^ M2/5M 



12, ww i m lUim-Mmm^m, 

25m g mm** 

14, mmmm^ 1 m 13 #E-JMr&i&^, , 
Mfe®^mm'j>&mm&}, ^^mmt^m^m^ 90% o 

15, m^f!j^2Ml4^-JM^fitl^, Ff^#*i 
SBEIIa Si SBEIIb ift^fc^^o 

16, MWJ^ 1 M 15 «-Jl0f^^^, #fife#*fc 

17, -fti^Ujt^J^t 1 M 16 ft^-I^^^^ffi^t/ 0 

18, -M^f'JIt 1 M i6^E-JI0f^^^Ji^9<J^»io 

19, -#iAWJIf 1 M 16 ^-W^^^m^^c 

20, -^^JAmm^ 1 S le^^-i^^lii^^m^M^^ 

21, mm®#m& 20 Em®}* 

22, Mffimm$L 20 ffi&ffy?* p°n , ^#tiE^^, Jff&^ift^^i&f" 

p 

23, -#^fUlfJ^f 19^^»W^^n a p^^7X^^t; 0 

a) ^S^^IA^^JC^f^t/^^T Ms *0 

» + S«l«»#«Mi>* 40% o 

25, m$g 24 ffi&wdk. ffiftj5fomft*i&& 
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U m W M ^ H3/55I 



2 *M£#ift4#£ft. £*-#3t#^#^-& i 

e) JIW^WJ SBEIIa SBEIIa ffl 

h) M^IAT^WflJSBEIIb^ii^P/^tt^^^c 

WL7KmftW)Mm%tp SBEIIa *n SBEIIb g a M*n/SR$&& ft P$f& . 

27, «*ft^J5* 24 B8 27 ^W^*, 0r*&3IAJfrfc3S 

28, kh^ijsi^ 27 m&tfrtm, ?kmmmm\AffimY 

29, MigJ&^JSW 28 #r&W;fr$£, 2£#*E£^, 0f3£*F3fett«Xtf" SBEIIa 

*n/j^ SBEiib ft^^n/^ttft^ftj 1 ? 1 Stfx API. 

31, 24 S 25 4»#ft— ^flrifcfiWSfc, #t3£ 

32, WIJII 25 S 31 ^il;-lM0D£ft^£, 
JgftjJOfg&Hc*^ SBEIIa ^n/^ SBEIIb ft^5«#o 

33, Mffimm$L 25 S 32 *feM-mfimMJf&, , 

?i Aaft#^#w^»a#ss[ sbei m&mmnsffimwttVH&. 

34, 24 m 25 timfaxm, m&feixmm. 
mmmm^MmfeffiTk^mm, m.^mmm^m^mmfw sBEiia m/ 
m SBEiib m^mmmm^yK^mmi^iRmo 

35, 24 m 34 ^^^-J^^ft^, »#«e:^ , ^ 



4 



200480031589. 6 



U m W M ^ H4/55X 



36. mm&mm&MBmifyjm. ^mm^, m&w^m&mmmit 

37. — ^m&mzitpMt^ffii&Tyk^m sBEiia m sm^p sbeh ssm 

c) tt/WWHHIfaK^to SBEilb SfiMW/^iiySttWf4 , ^-^^WI^fK7jc 

d) iR#JtiiJE&4'-£WHMfcW SBEIIafP SBEIIb £ &M*Stt*n/s5iHiH*W 

v^jfit ^m^^^^ia^^^, j?r&tt#^*iHa#^«*sii sbeil* m 

sBEiib ftigfe^w^aiflHww^ Bfc&mttin^mmmm* 

39, m*^J3« 37 0rfcW2f*fe. 0r££)£*«tM*W^ 

mo&t hKMmifi^7Kmmw^mm^"f, m^w^^mm SBEiia^ 

SBEIIb SfiM; ^*«^#*tt#tt^«jMJff*6«[*- 

SBEIIb i^feteffiW^J^^^^ 1 ?, ^4>, M4> 

— WftfcWJtefMMfc^ tfHQjfOg SBEIIa^ii^Wf'J^^P/^^'14, 
^-ftfilM*«#^fi»*« SBEIIb iJ^fP/^^fto 

43, — WWLftfttQ&Wtft=?, JWTfCfS SBEIIa BtJWftJ^Jfcfg SBEIIb 

44, -^fi»^J3l*43Jff«W*^«W«K^ : ?Wtft#. 

45, — fl"&Jg&*J3£fc 43 #rftMft#&W«»# : ?to£fflli&. 
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U ffl 



M 1? H5/53T 



46> mmu#m$L 45 m^mm^mmm 



47> — 43 ^Wtfe^WWSK^W^HzKSf^ 
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1/49M 




mPR.—ftm%*fcifoTimft3cmu& (SBEiia) mttWzK»R3». #£iu3 



±Jt& a-1.4$ 







^m^±fi<J a- 1,6 msiffK: 




G-l-P ffl ATP ADP- 





ft, £ ADP- 



IM^MMSI (ADP-glucosepyrophosphorylase,ADGP) Mikfeffiffy&ft 

mWo mumffywtmmt — adp- 



fcr-rfcfc 









Jfe#El$fc#&W a-1,4 «fi«|#&JIttfl<J*i8. IH^, &«HHfcB* (starch 



branching enzymes, SBE ) 






g&lft a-1,4 EJtJF, «A^^t, BSjg 



A a-i 



Up 9 



et al., 2000) o ffi^, 4g?ft£l&£, ft&fctotolZMI^m&to&i&WBk. M 

i>^^lsJL±eg^f^J. &&£#Ht (Wang etal, 1998a, Buleonetal., 1998) 
#^il3i^@^^^r^^^g|^3i7jC^ (Abel etal., 1996, Jobling et al., 
1999, Scwall et al., 2000) H*, ^i^ft^JESW, ±i£E y HT 3/ 6^^x37 

+ w ^ 7n n m# m W , 






7 



200480031589. 6 



at m 1? H2/4951 



ffiJMWM^, ^^h^lfflJMf^; (Denyer et al., 1996, Thorbjomsen et al., 

1996)0 s^ift^x^ (sh2) ^mw^. 

^ (bt2), frm$m&±&1&^'\^m.tt}fil& (Giroux and Hannan, 1994)„ £ 

m&f&'&mifcto&j&M (gbss) ^M#^iM^»^w^>m;£ 

TO (SSI, Li et al., 1999a, SSII, Li et al., 1999b), M^^±^^M)i'&i 

SSIII (Cao et al, 2000, Li et al., 1999b, Li et al, 2000 )o GBSS £MI 

(Shure et al., 1983), ffi SSII #J SSIII Z.f% ift 
^g»7^^#J^ (Gao et alj 1998> Craig et al ? 1998 ) o gff 

7.MSGBSS (!l^M) ^@6<J$tf£ (Wang et al., 1990) URm&XJj&n%m%L 
& (Terada et al., 2000) o ^ffimm&m%Rttm^^mm&7kmfft%ib^ 
*P & W^ii ( Hirano and Sano, 2000 ) o 

tt^l4 I WM#±^fltl^^^^:^ ( Starch Branching Enzyme, SBE ) : SBEI 
*P SBEIIo^E^^^ , SBEII SBEIIa SBEIIb(Boyer and Preiss, 

1978; Gao et al., 1996; Fisher et al., 1996; Hedman and Boyer, 1982; Mizuno et al., 
1992; Sun etaL, 1997;Sun et al., 1998)o WRit, ^^l^lM^t^Mlft 
SBE, iR'bMtp&fetf} 149kDaSBEI (Baga et al., 2000) 50/51 kDa 

SBE (Sun et al., 1996) o 7jC^I (Nakamura and Yamanouchi, 1992; Mizuno et al., 
1992; Mizuno et al., 1993; Mizuno et al., 2001 X (Baba et al., 1991; Fisher et 
al., 1993; Gao et al., 1997)#I'.h jfc(Repellin et al., 1997; Nair et al., 1997; Rahman 
et al., 1997) \^RM%^^mm P cDNA J^M ^%L®M'fc« jf^iJ^liM^, 

m^M7K¥^UmM7k¥mnMcftMM&J¥$mWVk, &n sbel SBEIIa^ 

SBEIIb m&fri&o SBEIIa #1 SBEIIb IftlH} 80% &W#J^ 1frffl& 
SBEIIa m SBEIIb tJlPj^MJ^iifl^E ^S§0tfH]_h^P^faJ 

±, &m%R&%mR*<, sbei £/>^*P^itt4^jm£J»l«m 
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(Morell etal., 1997) <> *§S, SBEIIa fn SBEIIb ^^m^BMl^m^T^^Mo 

SBEIIb ^?LW±^^, M SBEIIb ^t(^^Ji^i^^^7X¥ 
(Gao et al., 1997) 0 fcMW, SBEIIa m SBEIIb M^MX&ffl 
|Wj (Yamanouchi and Nakamura, 1992) 0 MI, j&W#W^i£fcf|lJ;f : n^j££@. 
i n v§-WBNo SBEIIa £#^^J^«£, ffl^Jf^B 3 ^ (3 days after 
flowering, 3 DAF) M^.^^ 1 ?^^^; {fil^ 3DAF Bt^i!l>F 

31 SBEIIb, £ 7-10 DAF ^^^^^^^^^Jl^*^] SBEIIb, *P^£l^ 
^^ii (Mizuno etal., 2001 )<> ^/J^B^W, MM SBEI ( Morell et al, 1 997 ) 
ftf^tti&ftJJttRT^M, ffo SBEIIa ^0 SBEIIb i^^M^^i 
©c^iilW (Rahman etal., 1995) tPdJ3ft« 

f&jCMft^L&feffiMfflL&m (Myers et al., 2000) o 5^^/>^6«J 1-^H 
(Sugary-1) ^^-^W#l£^SS0tJ^^W^: (James et al., 1995, Kubo et al., 

1999), mmnm^^mmmm^^mmm^mmmm^mmusio 
7km*, fcx&femmmm&TMmfe®toigfaRfeffiM&m (Fujitaetai., 
2003), &mw&3cmfenM^^j&*m^mmfemMo 



m 1 ^^7K^W^#^SI»H«ffi 



#21 


SBE 










SBEI 


cDNA 


D 10752 


Nakamura and 
Yamanouchi, 1992 




SBEI 




D10838 


Kawasaki et al., 
1993 




RBE3 


cDNA 


D16201 


Mizuno et al., 1993 




RBE4 


cDNA 


AB023498 


Mizuno et al., 2001 




SBEI 


cDNA 


U 17897 


Fisher etal., 1995 






mmm. 


AF072724 


Kim etal., 1998a 




SBEIIb 


cDNA 


L08065 


Fisher et al., 1 993 






mmm. 


AF072725 


Kim etal., 1998 




SBEIIa 


cDNA 


U65948 


Gao etal., 1997 




SBEII 


cDNA 


Y11282 


Nairetal., 1997 
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SBEI 


cDNA fO 

mmm. 


AJ237897 SBEI 

AF002821 (SBEI flH 

AF076680 (SBEI SB) 
AF076679 (SBEI cDNA) 


BagaetaL, 1999 
Rahman et al., 1997, 

Rahman etal., 1999 




SBEI 


cDNA 


Y12320 


Repellin et al., 1997 




SBEIIa 


cDNA fO 

s@i 


AF338432 (cDNA) 
AF338431 (Si) 


Rahman et al., 2001 




SBEIIb 


cDNA |P 




WO 01/62934 




SBEIIb 


cDNA 




WO 00/15810 




SBEIIa #J 
SBEIIb 


cDNA fP 


AF064563 (SBEIIb S@) 

AF064561 (SBEIIb cDNA) 
AF064562 (SBEIIa SH) 
AF064560 (SBEIIa cDNA) 


Sun etal., 1998 




f!j (amylose extender, ae) 



3, (Boyer and Preiss, 1981, 



Mizuno et al., 1993; Nishi et al., 2001 ) Q SBEIIb 








«DP17, DP 8-12) Wb^UTI^o Ilfc^h 

" (Boyer et al.,1980,Takeda,et al.,1993b)o 7^M^ . 

25%, MB^*3|BJ[tt«»^*«lA 





SBEIIb faffcS^t 
18% (Nishi etal., 2001 )o 

&fc&VBtfy SBEIIa (Mu) MAtc-^ 

SSJJfcfcfc+ttS SBEIIa, ^Jf^^JKIL«»tt^jLb«UlttE#JJF 

* (Baluth et al.,2001), R'g-&iniEVtftfeft t P&£.T&&. NMl, 






SBEIIa ^tt^^^f^^^^iL^w^: 

(Nakamura2002) o ^M^Mi"} 3 , SBEIIa #1 SBEIIb 

@luB^W^#^l:^^^^^ n a 0 #o te£«i£»fl?l (lowamylopectin 
starch, LAPS) i*«»»t'W*S»Wfi««»'« (>90%) S^lft** 
SBEI a^ft^/l^^i^ SBEII $£&ftj3r$£5fc&#( Sidebottom et 
al., 1998). 

^m^A&m&xiimm&ik^^tf] sbe(sbeb, mvtT sbed, 

10 
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m*&&Mmm&'&m (saffbretai.,1998), xa- 

Sd>7^lftSBE ( SBE A, ^^§t||ft SBEII) Mr&BAfflJffcl, W&MWfc 
ffiffimmftM^. 38% (Jobling et al., 1999X &UTd, |WJ ftf P^ft SBEII *P SBEI 

tfc#4bHM& SBEII *f!fi^^*^teM;*:ft<J$SiSf, $Si^M 60-89% (Schwall 
etal., 2000)o 

^1*5^ sgp-i (ssiD sew^a[^T5:tt«»wfif«i. 
ffi«»wm««»^*tip5!i» 30-37%, m\tm*kwmtf} 

'bMmimTi%S% (Yamamori et al., 2000)o M^Matb^iU*. fefttift 
^ (M##P^5H^'^) ^P#ZIS^g^A (concanavalin A) ^^!l^o tt^ 
"JMBHftK &W^£KjfN^, SSII^fc^ (SSII null mutant) ^$£^«m 

iMST^, ^^^^-fiM^h^J 60%^?iKKT 50% o 

mutation) 3lj&J&3L4 , &»'£*ttT0fc!U# 
( Shannon and Garwood, 1984)o ffljSZfft 253^0*1 

5iUB$t&i«SH (Mu) ®3l$f^^^a^fiR^J^P^^, 

feffyfeft&tfiM (SSII) ^TlfOT (Gaoetal.,1998)o T&ftJ&^fcl SSII MM& 
&&\kft\Mi®2$SSniMWi&lI&R (Lietal.,2003) o 2&£fi«JJBE3L c t'. SBEIIa 

£P7jCfSo 

^^»K;i| (High Amylose Glacier, AC38), ^S^^^^J^^^*^; 45%; 
mnBm 65-70% (WO 02/37955 Al;Morell etal., 2003)o &ftffl&&Wtbm 
TfcfS (OryzasativaL.) ^^@^^SS^&tJ^r^#1tW^ttt/, 
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at m 1? H6/4951 



mmm, ^wmnmitum. *mmmmmRm<> ^munm^^m 
**#*®^»nfi«irt#. Slit, MRr«ift«i*ii«m5fc^aoaw^#^w 
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at m 1? H7/4951 



&x*m&Rmm^nmwm&n, « iupac-iub ^it^mm^ 

# (IUPAC-IUB Biochemical Nomenclature Commissio) J£#£Kj, 

^c|£@t% (Adenine), C ^J&«P£ (Cytosine), G ^^4 B Mt% (Guanine), 

T ^^U^^M¥M^ (Thymidine)o 



tt^7jC¥^J SBEIIa SBEIIbo a3lM#^^^ISI^« 

a) #flJSBEIIa^]&^n/^ySttWSBEIIa^H 
W&b) ^lA^lJSBEIIa^iifn/^ftW^^; 
& g : *m% "J SBEIIb ^ii^M^'l^etJ SBEIIb S0^, #! b)3l A« lj SBEIIb 

tJ^uoJ"^© SBEIIa *P SBEIIb ^H^^E^^^c 

^m-^mm^^nn^m^rm&mTK^m/^mm sBEiia 
^nsBEiibo ^-fe^^*, ^^^^7se^7X¥^/^^tt^ 
sbei &&^m£&&&&^Tm&ffi7k¥mMM%i®i&} ADP-m^mmmm 

itm^ GBSS> SSI> SSIK SSIIK #^^SII«IMWM^II^n##^M6tJ^ 
Ho ^^^^TSeilxKTO/sKSI^^GBSSo 

0rft#*ftl*ltfg (Indica) ^#^^^Wx a ^^ 
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Ho 

vtmm, m&mmfem*Mmfeffiw^mMim'j> 50% o 
mmmizn^mtf} 90% o ^1, ^myty, ^m^m^ so%^m 

4o%oVtmm, mm^wmj7Kmm% i P sBEiia 
m sBEiib sa^fPM^'i47jc¥^^o 

-^A»J SBEIIa ^^P/wSc^WM; ^WJg— fttMM&S: a) 

miJSBEIIb^ii^P/^^frU SBEIIbSISI^, W/3.b) ^ AfflJf lj SBEIIb ^ 
&*P/^ttlftfMo 

AmTkmmm^xfttkj&Tkmmw* vtmm, m^mm^m SBEiia mm 
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at m 1? H9/4951 



RNA . 

ffi&jBft7kmmfc*SQ#i SBEIIa #Vl£ SBEIIb &}3t%C^o 

Bx^wmm^^m^mijuik^ sbei m&m^/m^^K^^ 

t^Mt SBEIIa^P/^ SBEIIb g&M^P/^yStt^7K¥W^*^^Jo 

^WliWMcT SBEIIa #1 SBEII ® 6M7K¥^/^Ii^f£ lftJ3m, 

a) ^J ? WMSBEIIa®eM7XWnMH^ttWff'^; ^ 

b> iif^w^s sBEiib m&ffi7kw-fflmMffi®itf)ft>T', m 

c) SBEiib m&myK^m/mm^m^^M^m^ sbeiu 

d) iP,Mlhm% f P^m^r SBEIIa #1 SBEIIb SfiM^Wn/I«y£'l4lft 

7imwfa° 

Btl^T Ufcfr%mmft SBEIIa m SBEIIb S@; ^B^^^^^T^iB 
^r^iR^ljTK^tt^^^Rr^©^ SBEIIa m SBEIIb ^£±^WirL 

®Mifr=?ISm*M SBEIIa ^^M^^Wf'J'?, BM'PRft— ftffi&ffyft 

^mmfr^m^km SBEiib m^m/mm^^m^, ^^^m^r 
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n m 1? m 10/4951 



sbeiie m sBEiib m^mm/mm^KnyKmuw. mmmn=?^mu&x 

^&m&Q&mui£m7km sBEiia ^u^j^fPzK^ SBEiib ^jt^-^ 



l M. 



63 i 




#J D 1 1 082 ( JWJ ID. No. 1 ) ; 




^ (SBEI) #JcDNAJf^lJ-^@j^ 



® 2 ^JtWtK^^^^SI Ha (SBEIIa) 
jf^ij AB023498 (j^^ij ID. No.2) ; 

m 3 ML7kmfeffifr$:M nb (SBEiib) 

#JD 16021 ( /J^ij ID. No.3 ) ; 





53 #J cDNA Jf^lJ-^ISJ^ 




cDNA JWJ-S@JW 



4 H pRint9_BC 




, i^Mfl^^l&A^J pBC SK-#J7k*S SBEI 



in mmmft^ 9 w soob P >t*f; 



fn] 6tJ SBEIIa s£ SBEiib cDNA j^lK f*!^ (Rini9X fcXJT l«J tfj SBEIIa 



SBEIIb cDNA j^^ij, VkW&^&ki^Tl 






^^ftJWJ; SBEIIa fn SBEIIb 





5? 



(hairpin)RNA g£ ft. GT *0 AG t^^ffltk^ ftj (*I^JWij|£ spliced out); 
® ^ ^ t±i T pRBELIR (pBCSK- ( IE^/Rinit9/M30 ) ^M, U^^lft 
pRBEIIaJR pRBEIIb.IR *gf£j<, 

ffl 6 /7T^^M#ic# pBxl7casNOT ift^iM; 

7 #f^7jt*S SBEIIa (^ij ID. NO.2) #]7jC?§ SBEIIb (/?#J ID. NO.3) 



^cDNA^lJtk^ffl 0 _h®6^ SBEIIb J^lJ (^C^), TW&W SBEIIa JfM 
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n m 1? mi 1/4931 



m 8 m^^mm^-mmu^^ sBEiia. sBEiib *n sbei vmm 

SSfrtiW? ( Gene Silencing program ) MMlfc^lti (BLAST output )<> 

&&rtfemMMmfemm^MMfex&m^mm~5ft'&m (w/ w ), n^m 

^45%. 50%. 55%i&60%, Hifc&itk, J^Md>65%. 70%gc 75%» M^JC 

if+iiMw^t^ o s 35% 0 m&jjm&mm&7kmm$i*fe 

^^Sllla (SBEIIa) g6^7K¥^m#5:i§ lib (SBEIIb) S^MtM^ 

m&ffis&&ii±m'>m&4ovo, Miz^m^m^m^, 60%, smm4>75%, # 

j3iJWMi!>Plffe 90%^ 95%„ ^Ml^KM?^, -^Wf+SeM^ 1 

W-#^WI+tPWWf^^^i!lilJo i^^ffeaS^S^ T SBEIIa fn SBEIIb 

mm^t&&}7kffi, i£#^7Kil* SBEIIa^ SBEIIb «K#w±a<j 

^I^o iAMffillt SBEIIa #1 SBEIIb ^f$fP»f&o RTiia^l A^^$n^ 



mm^ft^mm.® i ®m i &fr : ? (.^HM-^imm", "intermediate 
material", Takedaetal., 1993b; Fergason, 1994) c M l &lfeffitf)^MvSVXMl±# / $. 

tU, 90% (w/v) tfj~mm&m (DMSO), #ZJM3$S& ( concanavalin ) A 
3f$£ (Megazymelnt, Ireland), H#?JIWjt}£, tSi^M 1 ^^P&o HPLC & 
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n m 1? m 12/4951 



l^mm^^nmn^ (BateyandCurtin,1996)o JJ&mmmMftMWfe 

&-%&&&ikm7kmm$i^ sbeue mm sBEiib m^^m — fii*?^ 

(immunodetection) tefc^M, ^ffiikrt ^P^^f^P RNA £pi«##n£ 
( Northern blot hybridization analysis X flt E[J rSl^ ( slot-blot hybridization ) > 
RNAse ijfcffifrtfr ( RNAse protection assays ) > WL^K'a'^'^f ( microarray analysis ) 
sKMfRlff ^^"o"SI^^>S.i5i (reverse transcription polymerase chain reaction, 
RT-PCR) »J^ffi&lft®fiMlftmRNA7jC^o i^^^^MElW Jl 
^m&fft SBEIIa fll/iiK SBEIIb ^ttlftTKIStt**:, ^^^^#/^iRl^tt^^^ 
*Sc i^^^/^#^^nT»^ SBEIIa *PM SBEIIb ^tt^fiMTK^lftM^ 

ISM, MrIISI. «tK^o 

sbe ^ttnTW^fflSi^tJT*i!Jfi, «p, mftmMikmmmfrffite 

( phosphorylase stimulation assay , Boyer and Preiss, 1978)o i^^^ffi^l^itlil 

fg&m^m \-nmm\ a-u-mmmmm sbe ift$ij#i£o sbe fe&n&wit 
mw±m^>7MMmfe®M&f$.&mMr&, m^^nmmit (Takedaet 

al., 1993a)o Mfe^ifc, SBE SBEm#|ft^«J^lft <> SBE 6tl|W| 

iij#^i#M^m^iwi^ife^#'i4o mm. sBEi^^^^^M^mM 

i^ltt^fe, M SBEIIa ffl SBEIIb ^^Wl:^m/atl±M^mMi^^^tt . 

mfojCffift&jftMtiLfc&MMo &—tt&tfy&MW t t* , SBEIIa m SBEIIb £ & 
M^J7K¥RrM3±^^^r^, 1m%m ! WMtf}irLftM7±m&MQl7£ (Western 

blotting) gcELisA ftiftfejfeafefi 1 *^, mffi%mmim#if)m& : ?*M 

SBEIIa ?P SBEIIb |ft N-^&^&^Jfcj^flfctf-l&r. SBEII SttW U*£JE3Ufc 
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n m 1? mi 



^m^^mmm^m^m, sBEiia m sBEiib m®iMm&, imm 

tifc-^ SBEIIa fP SBEIIb RTf^^^^^^SI^: SSI> SSII 

^ 90% o 

£^«iiR^f£6«, ^Jt^SBEI^SBEIIftj^'ft, mmSBElla^, 

mi* sBEiia^^c mm^t^mmmi* sBEna^tt^^, m\ 

Mvt SBEIIa m SBEIIb ySttfltlM^S^^— ^M£^fem3LW^f&M 

^mtt>m'&, mim, &^M&}um®iM®i (ja wo 94/091 44 > 0 

^MmfcnMM^Mft^fri&m±M®Li% SBEIIa *P SBEIIb &»@3t 
3i*$Jjj£ 0 ^^HJW^^+^S^^^iR^^^W SBEIIa *P/l£ SBEIIb 

^SH/JC^W^it, #'J£R, SBEIIa SBEIIb 
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n m 1? m 14/4951 



&?k, m\mm.mfm£m'j>~i$fri&Xi*W}&m (spans) ^j>mm~m^ 

sBEiia m sBEiib mmi^mj,R^umo m^k^m^Wi 

mi* SBEIIa *P/i?£ SBEIIb ^^^^#^^^'^^^^^^0 

SDS-PAGE fP&^^(immunoblotting), ^^.^MmMM^mWi^M, 
l^iR^jm SBEIIa *P SBEIIb f£S«1£lftM^^i= 

^MtM^^I 40%c ^7K^#tl^X^tt^^Oo^«^v«X^o T^7jC 
^^BT^^O.sativaL.^H^hB^^ift^Wtt^^t, (Japonica) 
(ifcsinica). 3ftl|*g (Indica) ^PTftj^fg (Javanica), Vt&WlMiffllffi &ft> <, 

^^^f03E, mjS. ^g^i&W^CAmarooX 3tMJt#(Ali Combo). 
ffi#T2W (Basmati). #ff (Bogan). #f£^ (Bombia). ^Mil (Doongara). 
^ftfft (Goolarah). (Illabong). #PP£ (Jarrah). M^tlfr ( Koshihikari ) . 

^fcM (Kyeema). ^ti (Langi). 7fc# (Millin). (Namage). 
Wl (Opus), (Pelde), ^^lft^fitt&ife^4> 45%. 50%. 55%. 

60%. 65%. 70%l£75%o ^TK^ttt/M^^— #»JK?L+ SBEIIa *P/ 

^ SBEiib ^sj/sSc^^h^o i^sa^oiwMfBreusia^, 

#^^^iC7X^ffi?L4» SBEIIa #1 SBEIIb ^1£*P/I$g£M^lft&M#, 
ZH SBEIIa *P SBEIIb m\ Altttj»tfl«3MJ^ if^^JJC. ^ 

W$'JW*S> 1«> ^ RNA l£#^ltt»J SBEIIa mm SBEIIb «fel£?£t£ 

#j^h^ lu^l^^o mmmm^vtm&&3G%c^ 0 M^m&T SBEiia 
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n m 1? mi 



m sBEiib m'&Mmm vimum sBEiib wj>mM.w^ sBEiia u&m&mmf 

^OT/^iti, mmiAMWM SBEIIa^P SBEiib WSHI^fitl^itfi 1 ^ 

w^s@M^t#o &vtm&jmMm* , Bm&mft*i&H SBEiia *n SBEiib 

^PfcfefC^M SBEiia ft SBEiib axMBf^^^tt^tttt**-^^ 
©£#J*HI£, VtmO&L, JEE?L^ SBEIIa^n SBEIIb7X¥^M^50%, 

nbSMd> 75%, wmvtmm, &m$> 9o%m 95% 0 m^m^^mmmmM 

*Ha*«*«W«l5|BJft# ( t > «a. lWx b ftISIf^i (Japonica) 

MSH^ii, Bjfc-MMIKM gbss ^flMtetoMaSffijicT (Isshiki et al., 

1998; Hirano et al., 1998; Frances et al., 1998 ) c 
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n m 1? m 16/4951 



mm? z mMX±&)m%, ®M®mmm (subaleurone layer) fP^$rlftl£l*J 
3, BjtU^ff*^ (milled rice), ^M±fcJS*iHttttJE*L. 

^ 77-S9%£.^Mm7kik^W) , 6.3-7.1% ft® 1.5-1.7% 
(starch-bound) ^n^^i&ft (non-starch) ^^6<J^#, 0.3-0.8%6<Jf 1 *^;j^> 

0.3-0.5%ft^*B£> 0.7-2.3%^+^^J^F^i, 33SoT^# 10-15%^7K^c 

M *«^tt w aRWJ^»^^^Ala«*ipni3fe, ^fn*^, toft*, & 

^tti^6tJ7jC^^o ^@^#-^a*jfS^WJKfl» t f 1 SBEIIa fP SBEIIb m 

£g@si. "^aBSttauB^*" wita (tkfefe), *^*rt# 

^^J^M ( 1-2%W1««»), (2-12%). i&M&fe® ( 12-20%), 

•^JL^^ (20-25%) iPiSItM (25-33%) (Juliano, 1979,1985)o *5£ 

5£ffl hplc ftWW^W**:W*»fi««»^*«r* 20%, £ttttR&£> 

It^XttieftW-feftttttClhkBdaetal., 1987).jfcAbW"Mte»^*»gR«* 

Bfcfilkrt&fclto, #R Morrison *P 
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n m 1? mi 



Laignelet (1983) M^J^M^l^o ^^^^^ffiteMMfeitfe 
(HPLC, #iJ#P Batey ^ Curtin, 1996) ft^Uf"^ Mfttfeffi", 

*«ww««wie» ( t»-&'d'^4o% (w/w) tt^*. fi^ 

«»£jfc*»MW#bfc*£4> 45%. 50%H£ 55%fi<J, & 60%, ft 

JMtt&tfl, ^65%. 70%^c75%o &tt&HMf£Hffl. 

SBEIIa SI SBEIIb IfiMKM^MS^ 40%fa;M^*fro ifjjP 

&-tiMto%nm*, ism^m&mm^, m^^mm^mm wx a 

^*S^W^h^n^#^X$nT: >7.50mm ; 4£, 6.61 S 7.50 mm; 

4^, 5.51 M 6.60 mm; M, <5.50 mm. 

j£X%: £ffl"fc, >3.0; 4"^, 2.1 M 3.0; ffi, 1.1S2.0; H, <1.0„ ^^TO 



23 



200480031589. 6 



n m u m is/4951 



j&fitvt, mm, mw, 

mfty>)&)m%*M^U'j>&} sBEiia sBEiib m^k^* ^—-^m, *a 

40%> 50%> 55%^60%^a^^, Mtt^ife, ^Md> 65%. 70%i£ 75%W 

mat, *nw&ft$L>^mm<, 

(unimodal distribution) R \h£ 5 ^^£;&o 

0.5 M 4 m^etj^seM^M^^^^L^^o 
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n m 1? m 19/4951 



?m sBEiia m sbeii sHtw«d>, ^m^mmnmizn^^mm. 

(frameshift) RNA g^&£fl«jg$£. £3£M, 
JHft^X DNA RNA Wift^^WBRaafW A^IJfflM 

19 W&=M0rJ£to>!M8 SBEIIa SBEIIb #J 19 >N&£ Wfc^WS 

MM6<J"S0", SBEiia > SBEiib g5^te$£*fr£4&^/&*B. l£ 

mK (SSrtE) ft mRNA i£ cRNA B^fiW* 

filfi<Jl@Mfflfe«^ll[feMS^W SBEIIa> SBEII Sg$&&£4& 
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1ft m U H20/49^ 










Ala 


Ser 


Arg 


Lys 


Asn 


Gin ; His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Ala 


His 


Asn; Gin 


He 


Leu; Val 


Leu 


He ; Val 


Lys 


Arg; Gin ; Glu 


Met 


Leu; He 


Phe 


Met; Leu; Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Trp ; Phe 


Val 


He ; Leu 
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n m 1? %2 i/495i 



nmmm. mmmm, iisa> ^m^m. m^i^mmmm 

^ll^^W^^^W^ei^ SBEK SBEIIa> SBEIIb, Mi^^@tg 
SfcfM^M^— ftSEc Jtb^h, X* SBEIIb fP/^SBEIlft^RTJlJ^lft, BP 

<£nx« rna> fcX, smM RNA M 

fW SBEIIb l£ SBEI i£$f gBf5Jg»#3fc SBEIIb l£ SBEI ^t&lft^ 

M SBEIIa SS/RNA, MJa&fflii&^J&IL*® filWI^tt^^4U*PlfS 
SBEIIb ^ SBEI 0W'|£o ;££BJltt^^£^^T SBEIIa *P SBEIIb 

$h^«^©ssi> ssik ssin^n«n, im^mmm^^mo ^tftfa 
ykffiftMtf) ADP-mmmMmmitm cadgp) ^m^m^^^^t 

f'M ( Smidansky et al., 2003 ) . 
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n m 1? ^22/4951 



*^*«Thiti«fl:*IBafHW»*HW*«ll- cDNAs 

SBEIIa (SHJfif^!l E14723, B^^jEfHf-^ No. JP1998004970X SBEIIb 
(D16021, Mizunoetal., 1993) SBEKD11082, Mizuno et al.,1992; D10752, 
Nakamura Yamanouchi, 1992 )o zMgffa SBEI ^@ Rahmant et al., (1997) 
IP Rahman et al., (1999)^S@^JWJ D10838, Kawasaki et al., (1993) ffi'/k 
JFo ^E^^WlfrMnSJATMtfjMbt&M: http://www.ncbi.nlm.nih.gov/ ; 
http://www.tigr.org; http://www.gramene.org/about/index.html o 

x^, ^m^k^m^m sBEiia> sBEiib mtew&&®3&& 
**, *^ ; i:W85%sM95~ioo%^^-'t4o &mmm&Mfa®rrt 

ffi^T^^M^alW^: 50%¥Mc> 5xSSC (lxSSC=150mM#J 
NaCl m 15mM ^It^tt.H^). 50mM (PH=7.6)> 5x^ffttjg$#y£ 

(Denhardt's solution)^ lOroSftt^t^^^^^n 20up/ml ^141^^0 DNA, 
^Hfiilif DNA, mfeftXm 65°C|ft^r#T> ^O.lxSSC 

^'S^fPyt^W^r^^JFWMSambrooketal, #T^iiE, " ((^^ 
Ft: %$k^.^M)) (Molecular Cloning: A Laboratory Manual), %~¥fc, Cold 
Spring Harbor, NY(1989), particularly chapter 1 1 0 " 

MX 
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n m 1? H23/493I 



Hffl^'J^" 519013 K &M^fflX# 0467349-AK ^^H^"f!j3t^: 0223399-A1 

mw&aimx* 0240208 +#£0, «HJtii##^T^w«o ttftyi 

3£/B&Jfc&7fcBl&Bourque (1995)*P Senior (1998)^fi^o Bourque M^JU 

m&, &>&m ioo%i«^Jn^'i4, @^^^wfij^^t4, Mvim^wcftw 

mm&*E.nSnm&}^fo° Senior (1998)K|i£, ^J5C^ 

m°F7km SBEIIa, SBEIIb, SBEI 

mRNA ^U^fttj , f£ MM g ^^/#$0^ W-^ DNA ^ mRNA 

SBEIIa^lt«@W9**«4lx , mmM&T 5'-tM^:|x (UTR)££3'-UTR, 

mm&mm^'> 19 ^mm&jm^, izmm^m^ 50 >n stta**^ 

100> 200^ 500 SJc 1000 ^fj^o ^^SS^S#6<J^<t^S^^!]iii^ffl 

m, Rimto&RM* 100-2000 m=w. &xj¥m^ mmmzm&}m-&n 

S1S/|> 85%, tt^Hfe^M^ 95%, 95— 100% o &JJCRNA 

w«^^^^tiswi@^^ (ptgs), m&z&xm 
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n m 1? ^24/4951 



U^^MX^ WO 97/20936 %S$kM^MX$- 0465572o 

i«] rna j*Mtf}^f&> ^^^niktfim^m^mM'&o mtt, ^ dna 

mmUWi (Smith etal., 2000) „ ffiftW&&i£m ^fSM^ RNA 

m rna fri"&—^wm^ dna e«^m*. m&sh^gw^i&t ft£ 

iftlWJMRNA, W^±fe^^(^gt«@W^o RTW## 
^^|J3E^^J^:^:99/29514-A^P^!J^ WO 99/53050 o Q&ffiJEXfflfcX 

j¥^m^m.^ 19 ^mm^, im^^<> 3o^ns5o>n ^vtmm 

^M4>100> 200> 500^ 1000^^0 -^^^H^mS^^^m^jg^lJ 

^mm, nvtm^Bt^ 100-2000 ^^^j^g^^rgj^iwi- 

'f£5MJ^M4> 85%, ^«^M^!> 95%, M^ife^M^> 95~100%o fcX 
RNA #^3S^^aW^^lB^fa> ffi^li^i^ RNA 3H^lttJf^!j 0 RNA 
^ oTW^ RNA Hl^g£ II J§^s£# RNA III ^^lft}£f|iJT3B£ 0 

Js#&#§ tRNA m snRNA /g^To 

^»M^RNA^T^^M^«RNA|x^, Vt7&j&&& 

Ifcfe&in^ (nuclear localization signal), £n PCT/AU03/00292 c feVtifctf) 
mmm*, ^f^*I^RNA|E^«PSTVd^#, s£#^Md>35 
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n m u M25/im 



^ CUG ^&~tt WtWL M. (trinucleotide repeats) o 

xfa*&%.GL&ftms'& rna ^ 0 rna MftmunitT m*mmtft3i& 0 

—^m^Bitm, OtMmgs (hammerhead) x££5*t (hairpin) nTffiW 
RttftMgUS&& RNAseP, ^I^Ilrt^TW^fF^^M^^ ##ifc#tl 
i^MX* 0321201 %mm^m 6,221,661 0 ffi^Si^^EI^^^HIKj^ 
itB^TFvE, #0 Wegener et al (1994)o 

^um^^^mmm^, ^4>&^rna, mu^Mmmnu^ 

3j S foR^ni&tttkftykmmi^ SBEIIa *P/i£ SBEIIb SM&lft^J^ IE 

ift^MlttJH^L^^&rt^, n±^^m^^ (Ahlandsberg et al., 
2002 ) 0 
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n m 1? M26/im 



T-DNA mm^TtWuW, SM^-^h T-DNA Jk^M^Xo «tro 

mm* 

iej§^]f> TlC^SSI^^, 7&m SBEII fezh 1 ?, 7&m GBSS Jgz&T) & 
Rl £A ^#K?L##'I$ itt^ 3W[ftrSJ^ ubiquitin promoter)^ CaMV35S 

^±i^35s^^] 0 ^ja^or^MS. %m t &±mmmmMm 0 mn, 

&7t, ^nos3'^ocs3' ^^»4fclK^^^o #r3>lJ^ltt DNA 

^^I^irt^^^P^o ftJjft Chan et al., 1993; Hiei et al., 1994; Zhang et al., 
1997; Buchholz et al., 1998o bW^faffibW, %i^tf}±Mft^Wi (Agrobacterium 
strainsX 3c#S@ffr£fe, ^#7X^M^^^6<J^^-S¥^, 5fc3fcfcl4&. Ift 

m^^^±^m^mmm (caiius). ff^w^#^^s@ rtuji^7X^^ 

Fm^mnfoUMmttMM, mm^m^m (phosphinothridn) 

mWmiiR&lk&mR, mm^mR (meristematic tissue) 0 &m:fetf]MM 
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n m 1? ^27/4951 



SBEIIa ^P/SBEIIb #J$£^EI ^^^tB ^j£##J#:&S@ » 

(pcr) ^m±^.mtm^m^mh nmmm^mm^^Mm^ 
rwmtf mm. dna ^m^su^mm^mm pcr &m, 

£-£[1#JDNA £P3&3£& ( Southern blot hybridization ) o rT^^MM, 
(Western blot analysis) #8f&&|fl£mJKft+^a: SBEIIa SSJRflrftf* 

SBEIIa K^tt^^^^«r^ll^MMKMii^#A(|9IA. S@»fl 

*&W3C^ifc^T*i#*^# (leaky mutant) 31®, /?T*fc$*$135&#M£ill« 
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n m 1? ^28/4951 



®i (Zar and Chandler, 1995) $hM, f£#Y$g#o y ^M&W^^., 

£16 60 MITW 20-50 kR |F!JSM# (Zikiryaeva and Kasimov, 1972)o EMS 
^^^fE^^ffi EMS (0.03%, v/v) SMf&M (Mullins et al., 1999)o 

nrnfr^u^mffim^ftwrn^Mmm* ®m, pr^fflELisA^, ja 

iiMMi^SW. ^^SBEIIa^/^SBEIIbgeMW, 

(Green etaL, 1997)^&o nmWitt&®:'>^ SBE 

Mmm&Tmft , ®m sBEiib-^ sBEiib-i^iriiTo mvt^mM, 

J&tpo iKMtf}%^&mvfa7kMtf} SBEIIa^P SBEIIb^j&i^tttfj^^o 

Site, ^wu^mMmfem, immmMymmm^sh* 

*f SBEIIa, SBEIIb M&R^fem&J&^^MmM9mm&}^, toto 

GBss7K¥^$ii^, f/xiMM^i+iiMtt^ii. mm^n^Mm 
mum, mM^m^m^^u^m^m^nmm (Moreii et a i., 

2003), i&^m (LAPS) i^^^W 90%7£^#J M&feft (Sidebottom 
etal., 1998)c ^MMnTffl^ &#-^M:lfti§fcKf@o MWtkoJTETltko 

feffimm^^m-t^, ffifr'Sjfcifc-t^" ("maltese cross" ) 0 »/rl«3i$r 
fom^Wffti£fomPMmH&tf}&V!k (Thomas f P Atwell, 1999)„ 
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n m 1? M29/im 



m^va & $L-&mmi * m w ismk rse Msi/g^i^x^ w sBEiia *n sBEiib . 

ffi<&®i&&\7kffiMm&W, &%&m$S (AmarooX JtMJK# (Ali Combo), 

(Basmati). (Bogan)> #tt*f (BombiaX 4HS«3fel (DoongaraX 

^&R& (GoolarahX (IllabongX #qu£ (Jarrah), ( Koshihikari ) > 

£&5£ (KyeemaX 191? (LangiX %U (MillinX MM (NamageX MM 

n (o P us)> mwm (Peide) m&mrwfti&tii£ffl . mMm&m&ft&sg. 

(w/w) M4>£ 25%, ffi&ife*Md> 35%gc 45%, M 

5feWlSSlafilP^*YW 55%S 65% (w/w). Mfe&ife, ^#£ft]#i^4M4> 
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n m u ^30/4951 



mmm (dsc) mMo mikM&&mto7k*i%®mfttofr?mj*&i&m&K 

m&$L&:T$%&&}3C%£feffi&}%&-&o ^K^ffyae (amylose extender, M&fe 

(Fuwaetal.,1999,Kruegeretal., 1987)o $^Rji£i&, ffiX^&ffeltf^, 
4> (Morelletal.,2003) o 

fe&m±7kmfeB&mm-'mm&}M&mm&]M: 61-67°C (Rahman et 
al.,2000), T%MJg.feX%lMfiiM&. (onset temperature) . 

#Jn*&Sli*$fi. ®3t^90°c l>JLho &jgftttft<b&R#, jMH*OT3Tffl# 

5feffl^3ttli^%t (FACE), &3t^#%ftftft^31£4g&^. 
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n m 1? ^31/4951 



iifi!i> mm*. m$i&), m^mmmt, 

Qftiffi. *Lr d b (brokersX «t*P*Mo Jffi^iftW^ftfllllWa* 

SSIt*. *l*fe#, i^iM^T. ^^^pX^^ 

^ijt^m^m%^mmm^m^m7Kit^M^w, &&&&&&&& 
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n m 1? H32/493I 



ft^m®LMi*n&}fem (RSI M), inltti^^mWi (RS2 M), 
(retrograded starch, RS3), (RS4) C ^BJ^gfc^WM 

ftm&mtt&m^ rn.it, w&mm&M m^mmmm, hi»), 
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n m 1? H33/493I 



(Goddardetal., 1984) 0 j&Ok, i^^ft^^K^, 

^NtfflXik, «;> KWm,, ffi&M^ (Young 1984), 

^*^tfeM#t£ 0 $0, #ClMi7 (shearing stresses^ J&JSIMt 

^M.itM. (macro-elements) N6(20X jjjfljp 

g/1 
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(NH4) 2 S0 4 9.3 

KN0 3 56.6 

KH2PO4 8 

MgS0 4 .7H 2 0 3.7 

CaCl 2 .2H 2 0 3.3 




NH4NO3 33.0 

KNO3 38.0 

KH 2 P0 4 3.4 

MgS0 4 .7H 2 0 7.4 

CaCl 2 .2H 2 0 8.8 



mg/lOOml 
MnS0 4 .4H 2 0 440 
ZnS0 4 .7H 2 0 150 
H3BO3 160 
KI 80 





l7Ef MSOOOOXMyj 

mg/1 

MnS0 4 .4H 2 0 22300 
Na 2 Mo0 4 .2H 2 0 250 
H3BO3 6220 
ZnS0 4 .7H 2 0 8600 
CuS0 4 .5H 2 0 25 
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i& m 1? ^35/4951 



CoCl 2 .6H 2 0 25 
KI 830 

mg/l 



MnS0 4 .4H 2 0 


1000 


Na 2 Mo0 4 .2H 2 0 


25 


H3BO3 


300 


ZnS0 4 .7H 2 0 


200 


CuS0 4 .5H 2 0 


3.87 


CoCl 2 .6H 2 0 


2.5 


KI 


75 



if^m N6nooxji^ 

mg/l 00 ml 
(Glycine) 20 
ifc^lftJK (Thiamine-HCl) 10 

ikMWm (Pyridoxine-HCl) 5 
MM (Nicotinic acid) 5 

Ife&fE MS (1 00 X MAT) 

mg/l 00 ml 
I/IB? (myoinositol) 1000 
&M?tJ^ (Thiamine-HCl) 1 

(Pyridoxine-HCl) 5 
'JfflSt (Nicotinic acid) 5 



B5 (100 XM) 
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mg/lOOml 
#tC^ (Glycine) 1000 

(Thiamine-HCl) 100 
( Pyridoxine-HCl) 10 
MM (Nicotinic acid) 10 

fficMS (MS iron) (200 XjCflT ) 

ml/500 ml 
FeCl 3 (60% w/v) 2.7 

Zs~%&mZsM^®l MS (MSNa ? .EDTA) (200X}&m 

g/500 ml 

Z^J^pgZiM^^ (Na 2 .EDTA) 3.7 

$lJ&2,4:HiC3¥^Z^ (2,4-D) (lmg/ml, Sigma No. D-6679) MM: ^ 
lOOmg #J 2,4-D MM 1ml feKZ^S?^, jf^W^PA 3ml IN #J KOH, Sffl 
lN#JHCL#pHii;*j6o 

$'J# 6-^iC^ n S I %(6-benzyl amino purine, BAP) ( lmg/ml BAP, Sigma No. 
B-3408) ^flgfPHZiig (naphthalene acetic acid, NAA) ( lmg/ml NAA, Sigma 
No.N-0640) ^y&o 

$ !l&Ift$S^( Abscisic acid, ABA) : ^ 250mg ABA ffiMfe 2ml &tJ 1M NaOH 
4^ R13cM&M}%7k (sterile water) ^^##g|J 100ml o 

ftJ&#ii?T (Timentin) ( 150mg/ml, Smith-Kline Beecham 6571-30) : ^ 

3.\g<&mnmm& 20.66ml ift^&it^x^o 

A^ft (Roche) &n (No. 843 555) ^# Sigma WIWJ^WI 
(50mg/ml) o 



^ffi^fliKigf N6D (N6D media for callus induction) 
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(>^m/^f*) amount/litre 



ttN6 (N6 macro) (20 X) 50 ml 

^JlN6 (N6 micro) (1000 X) 1 ml 

£££*N6 (N6 vitamins) (100X) 10 ml 

$:MS (MS iron) (200 X) s5 ml 

MZ^— ll*IMS ( MS Na 2 .EDTA ) (200 X) 5 ml 

(Myoinositol) 100 mg 

ilbJ<JW:S (Casaminoacid) 300 mg 

(proline) 2.9 g 

2,4-D ( 1 mg/ml) 2 ml 

MW (Sucrose) 30 g 



m lM^KOH^pHljiM5.8, m^-mmmiJnSg^UmWi (phytogel) , 



ffi^fffc (media for subculturing) NB 

^fi/^ (amount/liter) 



5g*7GH N6 (20 X ) 50 ml 

^mTUit B5(100X) 10 ml 

£t£1tB5 (100X) 10 ml 

tfcMS(200X) 5 ml 
Z.-&mZiW.~%h MS (200 X) 5 ml 

2,4-D (1 mg/ml) 2 ml 

WM (Sucrose) 30 g 

litSlS (proline) 500 mg 

&Wt& (Glutamine) 500 mg 



St^flW^ (Casein enzymatic hydroly sate, CEH) 300 mg 

miMM KOH^pH m^. 5.8-5.85, ^5W«MJP 3g W#lirt$K phytogel), 
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VH W ^ H38/495I 



M/3\~ (amount/liter) 
25 ml 
1 ml 
10 ml 
5 ml 
5 ml 
10g 

m im tfy koh ph mm 58-5.85, m^mmmin 2.5 g 

(phytogel) , M^femJfeyiMo 

NBQ: NB*«[^«Ur pHU^lr, UaX 30g/l ffy-#mm (mannitol) ft 

30g/i&jikmmm (sorbitol) „ 

nbht30; NBmm^&K-mzBRmm^m, inx30gn^mmm 

(hygromycin) ft 150g/l W^HJT (Timentin) . 

NBHT50; NB mm^&Km^Js RffifflZnH, *PA 50g/l iftil** 
(hygromycin) ft 150g/l #J#it$T (Timentin) „ 

prht50; NBmm (^2,4-d) ^MB^m^wK^^m, 

/&#£nT: BAP(2mg/l), NAA ( 1 mg/1) , ABA (5 mg/1), S«^(50 mg/1) ft 
#^n"(150mg/l) o 

MSJ_MM: MS #**flfH3^0Jg, ^iPNAAft#^n", $«^MS 
ftj NAA ft#Hn"^"J3j 0.05 mg/1 ft 150 mg/1. 



jgyfc MS 

MS (20 X ) 
WMltM MS(1000X) 
£f£H MS (100 X) 
ffc MS (200 X ) 

Zi— Z»&—^ MS(200 X ) 

ft* 
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mmnm, mmtem-Dmm^m* mmummnm^M, mites 
m, mttM&%} 26-28°c , (caiius ) 0 ^m^mm^m^n 

ftmm, hk^m^nmm^ (scuteiium) %mmw\Mmm$Lj&° m^m^ 
Bt, mitffimR (cam) %?&nmNBmm*, mmnm^mm^u, s^hs 

my±mnmmmm, ^mmmn^ iooum z^T«iM#ift nb mm 

f^tftf lOOum Z,mT#@HW NBO Jg#t£±, £ 25°C|ftPj§Bi 

^ZJS, 150ml/l ##n"W^#7K^^^^iH, M^^FJh^W 

150mg/l NBHT30 (^®^#ttfi<J^«^K^J) ^^#o £ 26-28°C 

Tt 3-4 mm, m^K^Mmm^nmrnm^nm^ 10-24 
^witfamR^Mc^Ttfimnm, nm^Mm^o &&&&&&&&& 
^#^fr^NBHT5o^#^±, w& 26-2s°c mnm&mft 14-21 ^„ 

fe*#J^W^^K^glJPRHT50^#fe±, g^PJM£t8-12^ 0 
^28°Cfi<JRHT50^^i§#30^M^:H!frH], BP^hBfr^ (shoot) 0 #Jtc 

^M%M#ft&m i/2mst^^, ^w&m-femmfe, n^mmm^ 

^J±*^o i^^e,^^^7jC^n n o#±^^, &®flllfg (indica) |P«jfg 
(japonica)o 
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ffiPCR£UaKfS#JSBEI> SBEIIafPSBEIIbSSJtfr, UJlffi^MiSS 

&Mmmm&}&®3±xuwto wwc^^m^. mmmmn^ dho82 m 

SBEI-^W 1982-2527 #$T; ; &HJ^/WJ37 AB023498 ift SBEIIa-^#J 
2458-2997 #J^7 D16201 SBEIIb-t£ ^ #J 2414 M 2912 Jt $r(^ 

jWJ#£lJ£ffl 1-3 ^tH). ^MWM-M^^f JM#fc# pGEM®-T ^^f 
«*/5^>f^^lft#PlftjWiJ, ^^^^^ft^^pgfij^ (restriction 
endonuclease sites) VXM^-&%MPM« 1^ ilftfc^K® SBEI 9 fitj 

^'JftU^rt^^^^Jo i£>t®T^S@/^^!J3j D10838 iftiM^Jlft^ 
If 9112-9606 Jt$TJWJ, ^JH^ EcoRI Pi$iJ^I!iJ^, ?M£#8MA£!] 

pBCSK- (stratagene ^W) ) pRint9_BC (i4)o ^ p Rint9_BC 

UfcXfflJEXJTfaftMfe SpeVXbal m .YftoI/^coRI SBEK SBEII fP 

SBEIIb SS^^M^^Wo ^^iJT^^iJ^M^fifi:, R&&®Lft^ 
^J¥nBx^Mo #f#£'J pRBEI.IR. pRBEIIa.IR fa pRBEIIb.IRC Wi 
5)o Bamm^ Kpninty^&iiftffi (chimeric fragments), W/ftTJ^fitl 
^itfT^A^J P Bxl7casNOT #J*9|WK&g (S6) c Bxl7 ja^Eftl 

nos3'^^|x^^IE^^^f^ (correct orientation) fcX/ft^/JEXflt 
-n-M-fTo Hindlll fP NotI (expression cassette), 

^^J]W^i^Jt^MK3\^7tW^^f WBvec8( Wang et al., Acta Hort 461:401-407, 

1998), ^^mwvmvecs^i^pjm^mmm&m^mm^m, g 
4», fcmmmTm&MMo &^w§^dsSBEK 

dsSBEIIa, dsSBEIIbo Wi* MftfeWLfe ( electroporation ) 
MWlM±M^WM (Agrobacterium tumefaciens) (AGL1) ^fifr^ (Lazo et 
al.,(1991))o 

Mm'b^ttMtiJ SBEIIaSH, f+^RNA ( dsRNA ) gtRMft 
2MS4« SBEIIa ^H-tfenTf^ SBEIIb ISMo ^TT ±®W^f&^Jt» & 

jEjstff&jst^^xtjBt^aj^ sBEiia mmmmmmmmm^n^^^^ 
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mwmm^m rna ^^mmmmmm^m rna . 

^il^^^RNA ^W^M^iPSH^Cgene silencing) ft Smith 
etal, 2000)o JlfJWMWtttt-^itt^Jlttjfe^Se (HMWG) &%}=?fiffl (Dx5 
0 B ^ T » H Accession No. X 1 2928 , Anderson et al., 1 989 ) % P M i & 
fPH (Agrobacterium, nos3') UHUftK^H^HW^Jh^^lffi^Sl. J»j£ 

^TWfii RNA H?L6^#^»o 

SBEIIa RNA ^t^^ g SBEIIa PCR ^ 7 ft 1536bp 

M^^lJ (£H###I AF338431)o ^W^HhM^P 1 ^ 2 U 

M^rM^, ftffi^^EcoRI mKpnl PgfiJ&ft 468bp /WJ (tfUffDi 
S^P^hMT 3m4U& SBEIIa 3 ^ftM^W A£«/;fr 

Sac/^ft 512bp #!0r (>t^r 2); W^Efe SBEIIa ft^^MT K 2 fll 3 
ft^EW^^W BamHl SacI^L SBEIIa ft 528bp >t"^t (>t^f3)o flr&fflfiW 
?lJ-^7jcH SBEIIa ^@ (SBE4) 217 80%ft|W| — '(4, 

MKm±.^MMmn& (50 4*^3/87%; 27-^M^/92%), Hjfcpm 
^ymfr^Ms 113 >M^£±W 76%6<j|wj-tt, Sith, iA^I*!ft 

SBEIIa Ui#0(J|RjT^^^7X¥o 

#>tffl> 2^3 mm^— ^ + >t^3fP>t^f2ffi^>tfrl 
ftSJ^ffaWfto RNA ^M^^^m HMWG ^^J^Jftl 

nos3'^-± : ?^]i<;# pBxl7casNOT (ffl 6)0 pBxl7casNOT ftS@*£1*l 

ffcyrtj P Bxl7ds-wSBEIIa, WMI RNA *£f£j^ ds-wSBEIIa 0 ds-wSBEIIa 
SHft cassette MffiASJ pWBvec8 ^> ASJ&fl 1 ^ (Agrobacterium) 

M AGLL1 #JW»2&#iJ 1 #Ti£ft7jt«j£o 

3: £^JIWI$f!£7SBE^ttft*^ 

1 J^ft^V*, AGL1 ifflflfe^ft^ dsSBEK dsSBEIIa. 
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dsSBEIIb^P ds-sWBEIIaffi^T^&f^JtfSf^ («i»K cv.Nipponbare ) 0 

m?so mw$t¥;&m±m^)5, i^^j-sbek sbeue m sBEiib s@>t^r# 
®cmmmn®', m pcr m dna ^m^mmm^mm^^o 

ds-wSBEIIa , # 23 ^#£&Jti$c^ W 21 4^31 Alft SBEIIa J^JM 

—m SBEIIa ^n D o#^WM^^7jc¥^Sd> 40%, — 
4? 50% o ^ SBEIIa *P SBEIIb Jtf|$£*&fi<jW#tfcMi$o 



Takeda et al., ( 1986). Lumdubwong et al., (2000)> Chiou et al (2002) 

m Sculman et al., (1991)W^^^JHWffi^*^tt«tt^^K«». JB 
Megazyme ( Bray, Co Wicklow, Republic of Ireland ) i^W&^^^tfTX^i!! 

fe®*Mmfeffi)&frMffife&%mimTf£ffiffiimTlft Morrison and 
Laignelet (1983) bbfe (li^) 2 «j£ (flUtM 0.1 3g 

in A i sifl- 85% (v/v) ^¥®#Mf^A 65°c /Jc^M l 'M, mfc 

HEftt^H. «F«»^E 65°c T^Hft l *B*?I*A#*-— ^IIMl*** 

(UDMSO; 9 ^-^SlW 1 6M ftj^R), 4$ 2 (iEIIW) 
flq 1 ftft UDMSO; ^M^ALBP^^M^g^ 1 95°C 7X^2^ 1 <Ntt, 
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mmm^mMmfem^mm* ^^m-uoMsomm (50 w-) ^20 
WL^-m-mitw (12-K1) mmm, m-mitw^m^^ 2 m$m^ 20 
mitmmm^ 1 mftTk^mm; wm&mv^ 1 *tk ^200^, ^ 

% Emax ^^MBMfeiX (^.mftfiZ^&n , Molecular Devices, USA) £ 
^W«#n a n^S,#^l:^OTni^: (jfrS^*) (Sigma) 

mfenmWmWnJ&mCaseetaU (1998) Batey and Curtin 

( 1996) HPLC MJ^o 

fenM^fr^&fe&nWMMZfm, jIS Morell et al (1998) ift 

^«»7K^i^^;^ (face) fitj^aa^^iij^o feffiMmm 

MSffi^®nT®3lPyris 1 ( Perkin Elmer, Norwalk CT, 

USA)c mnmmm^^M7i^:M^^MmiX^m\m (RVA, Newport 
Scientific Pty Ltd, Waniewood, Sydney), Wn^ffi Batey et al., 1997 Bf^Mffy^: 

U)Mo S^^fitJ^bbPlM^Konik-Roseetal (2001) ^feNl^c ^ 
b-M^WKW- W^ffl Megazyme ( Bray, Co Wicklow, Republic of Ireland ) 

H?L4»#^SfiM^m^J^W^^fflSaMepjt^^ (Western blot 
procedures)o i^^^^TJSL^ 0.2 m~&{fiW&& 600 ^?rlft 50mM 

Kpi ^M^+^/^i (42mM #J K 2 HP04 8mM 6<J KH2P04), 
^WpH{g^7 7.5, 5mM M EDTA, 20%#JMHS?> 5mM #J DTT 
ImM WMfi^^^iJ^Jo 13,000g T^'lMW 10 ^¥f^^MW. 

^^OTmf^-80°CT^o )tf^&S£lM#tf£#, ffio, 20, 40, 60, 80 
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ift W 15 Jg44/49^; 



& 100 Shrift 0.25 m3tf$fkft&J*&Lftmm& (BSA) ^Sgj^MfTff 
&4*7gffig|, K 3 ^#p a nffl^t§7jC##M 100 fc^FfttMBfl+lPA 1 




ftW&M&M (Coomassie Plus Protein reagent), 5 ft^JalE 595nm #t%M 



lament, ^#^ijfimr#p a RW®eM7K¥o ^W2oflR^eisiLW 




fij^MW^a^iPA 8%6<j^W 0.34M iKjH <JB¥£) *C3l¥^4fc»4fc 

(Tris-HCl, pH8.8) #J«tt^lWl:J^#, (8.0%) > ^fi 

£ (ammonium persulphate) (0.06%) TEMED (0.1%) o ^E^^ff 

SSM^Morelletal. , (1997) ffi&m^&W8&2\ffiik2t&m±& 
SBEIIa WL SBEIIb ^2k$iWjk%.%MfcM<> 



(targeted sequence) XtBfty*?(|*i|— ft, ^JMtt*@fflfi<Jift#£@. & 
#SJtf&*'J>te , %BiS##^" (off-gene effects)o 3Mm^7/L¥0rWW* 





oTiA TIGR m$& ( http://www.tigr.org/tdb/e2k 1/osal / ) \>k FASTA *&j£Tic 
2k^E&DNAj^J#tfgJ¥ (OSAl.seq). ffi"formatdb"&;£«^, ®X 
M BLAST pjffl ; {Jffl"dbifasta"^RTffl EMBOSS W FASTSA teiSftl 




Mi^TST*@ffiiffl)?#J BLAST(P. Waterhouse et al, CSIRO 
Plant Industry, personal coinmunication)I^-^ilfi^#J#ifc ( \fc$t&}lkM: 

immMM 2 m&, mT-mmmwtigfatf} sBEiia> sBEiib m sbei mm 
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&mti^7kmmmm.m'> 19 -t&mm^mmo pjvxmm, pmmm sBEiia 

mmumt^ymmmm.^%%m, ftrnxm si ft, & 
m^m^nr m sx ttmmM7Kffim®mmm&m&&& sbei ^he 
wm^ms bac -kmwzm, mm^mmft dna mm*., sbei 



51 



200480031589. 6 



n m 1? ^46/4951 



Abel et al. , (1 996). The Plant Journal 10, 98 1 -99 1 . 

Ahlandsberg et al. , (2002). Plant Cell Rep 20, 864-868. 

Anderson et al, (1989). Nucl Acids Res 17, 461-462. 

Baba et al., (1991). Biochem Biophys Res Commun 181: 87-94. 

Baga et al., (2000). Plant Physiol. 124, 253-263. 

Batey and Curtin. (1996). Starch 48, 338-344. 

Batey et al., (1 997). Cereal Chemistry 74, 497-5 0 1 . 

Blauther al., (2001). Plant Physiology 125, 1396-1405. 

Bourque. (1995). Plant Science 105, 125-149. 

Boyer and Preiss, (1978). Carbohydrate Research 61, 321-334. 

Boyer and Preiss, (1981). P/an/ Physiology 67, 1 141-1 145. 

Boyer al., (1 980). Sfcwr/i 32, 2 1 7-222. 

Bucbholz etal, (1998). Methods Mol Biol 81, 383-396. 

Buleon et al, (1998). InternationalJournal oj Biological Macromolecules 23, 85-112. 

Cao et al., (2000). Archives, of Biochemistry and Biophysics. 373, 1 35-146. 

Case et al, (1998). Journal of Cereal Science 27, 301-314. 

Chan et al, (1993). Plant Mol Biol 22, 491-506. 

Chiou ttf al, (2002). Starc/i 54, 4 1 5-420. 

Craig et al, (1998). Plant Cell 10, 413-426. 

Denyer er a/., (1996). P/*wr Physiology 112, 779-785. 

Fergason. 1994. pp 55-77 in "Speciality Corns" eds , CRC Press Inc. 

Filpse et al,(l 996). Planta 198, 340. 

Fisher et al, (1993). Plant Physiol 102:1045-1046. 

Fisher et al., (1996). Plant Physiol 110: 611-619. 

Frances et al, (1998). Plant Mol Biol 38, 407-415. 

Fujita et al, (2003). Plant Cell Physiol 44, 607-618. 

Fuwa et al, (1999). Starch/Star he. 51, 147-151. 

Gao et al, (1996) Plant Mol Biol 30, 1223-1232. 

Gao <?/ a/., (1997). Plant Physiol 114: 69-78. 

52 



200480031589. 6 



i& m 1? ^47/4951 



Gao et al, (1998). Plant Cell 10, 399-412. 

Giroux and Hannah. (1994). Molecular and General Genetics 243, 400-408. 

Goddard et al. , (1984) Am J Clin Nutr 39, 388-392. 

Green et al., (1997). Plant Physiology 114, 203-212. 

Hedman and Boyer, (1982). Biochemical Genetics 20, 483-492. 

Hiei etal., (1994). Plant J 6, 271-282. 

Hirano al., (1998). Mo/ fi/o/ £vo/ 15, 978-987. 

Hirano and Sano, (2000). Genes Genet Syst 75, 245-249. 

Isshiki «?/ a/., (1998). Plant J 15, 133-138. 

James a/., (1995). P/a/tf Ce// 7, 417-429. 

Jobling e/ a/., (1999). Plant Journal IS, 163-171. 

Juliano, B.O. (1979). in Proceedings, Workshop on Chemical Aspects of Rice Grain Quality, p. 

69-90. Los Baftos, Laguna, the Philippines, IRRI. 
Juliano, B.O., (1985). Rice: chemistry and technology, 2nd ed. St Paul, MN, USA, Am. Assoc. 

Cereal Chem. 774 pp. 
Kawasaki etal., (1993). Mol Gen Genet 237, 10-16. 
Konik-Rose et al (2001) Starch 53, 14-20. 
Krueger et al, (1 987). Cereal Chemistry 64, 1 87-190. 
Kubo etal, (1999). Plant physiology. 121, 399-409. 
Lazo et al., (1991). Bio/Technology 9, 963-967. 
Li et al, (1999a). Plant physiology. 120, 1147-1 155. 
Li et al.,(l 999b). Theoretical and Applied Genetics 98, 1 208- 1 2 1 6. 
Li etal, (2000). Plant Physiology 123, 613-624. 

Li et al, (2003). Fund Integr Genomics 3:76-85. 
Lumdubwong et al, (2000). J Cereal Sci 31, 63-74. 

Maniatis et al., (1982). Molecular cloning: a laboratory manual. Cold Spring Harbour 
Laboratory Press New York. 

McCreery and Helentjaris (1994). Methods in Molecular Biology, Vol. 28: Protocols for nucleic 

acid analysis by non-radioactive probes, 67-71, Humana Press Inc., Totawa, NJ. 
Mizuno et al, (1 993). Journal of Biological Chemistry 268, 1 9084- 1 909 1 . 

53 



200480031589. 6 



n m 1? H48/493I 



Mizuno et al., ( 1 992). Journal of Biochemistry 112, 643-65 1 . 
Mizuno et al, (2001). Plant Cell Physiol 42, 349-357. 
Morell era/., (1997). Plant Physiology 113, 201-208. 
Morell et al., (1 998). Electrophoresis 19, 2603 -26 1 1 . 
Morell etal, (2003). P/a«/y. 34: 173-185. 

Morrison and Laignelet (1983). Journal of Cereal Science 1:9-20. 
Mullins et al, (1 999). European Journal of Plant Pathology 105: 465-475. 

Myers et al, (2000). Plant Physiology 122, 989-997. 
Nakamura (2002). Plant Cell Physiology 43, 718-725. 
Nakamura and Yamanouchi (1992). Plant Physiol 99: 1265-1266. 
Nair etal, (1997). Plant Sci 122: 153-163. 
Nishi etal, (2001). Plant Physiology 127, 459-472. 

Rahman et al, (1995). Australian Journal of Plant Physiology 22, 793-803. 

Rahman et al., (1997). Genome 40: 465-474. 

Rahman etal, (1999). Theor Appl Genet. 98: 156-163. 

Rahman etal, (2000). J Cereal Sci 31 : 91-110. 

Rahman et al, (2001). Plant Physiol 125: 1314-1324. 

Repellin et al, (1997). P/awr Gene Reg 97-094 

Safford et al., (1998). Carbohydrate Polymers 35, 155-168. 

Schulman and Kammiovirta, (1991). Starch 43, 387-389. 

Schwall et al, (2000). iVa/wre Biotechnology 18, 55 1 -554. 

Senior (1998). Biotechnology and Genetic Engineering Reviews 15, 79-1 19. 

Shannon and Garwood, (1984). In Starch: Chemistry and Technology, Whistler et al., eds, 

Academic Press, Orlando, FL, pp25-86. 
Shure et al, (1 983). Cell 35, 225-233. 
Sidebottom et al, (1998). Journal of Cereal Science 27, 279-287. 
Smidansky et al, 2003) Planta 216, 656-664. 
Smith et al., (2000) Nature 407, 319-320. 
Sun et al, (1996). Physiol Plantarum 96, 474-483. 
Sun etal, (1997). The New Phytologist 137 , 215-215. 

54 



200480031589. 6 



n m 1? H49/493I 



Sun et al, (1998). Plant Physiol 118, 37-49. 

Takeda et al, (1986). Carbohydr Res 148, 299-308. 

Takeda etal, (1987). Carbohydr Res 168, 79-88. 

Takeda et al., (1 993a). Carbohydrate Research 240, 253-262. 

Takeda etal., (1993b). Carbohydrate Research 246, 273-281. 

Terada et al., (2000). Plant Cell Physiol 41, 881-888. 

Thomas and Atwell 1999 Starches Eagen Press, St Paul, Minnesota, USApp: 13-24. 
Thorbjornsen <?/ a/., (1996). Plant Journal 10, 243-250. 
Wang et al, (1990). Nucl Acids Res 18, 5898. 

Wang et al, (1998a). Journal of Experimental Botany 49, 481-502. 

Wang etal, (1998b). Acta Hort 461, 401-407. 

Wegener et al., 1994. Mol. Gen Genet. 245, 465-470. 

Yamamori etal, (2000). Theor.Appl.Genet. 101, 21-29 

Yamanouchi and Nakamura (1992). Plant Cell Physiol 33, 985-991 . 

Young. (1984). in Whistler et al. (eds), Academic Press, Orlando, FL, chap 8. 

Zhang et al, (1997). Mol Biotechnol 8, 223-23 1. 

Zikiryaeva and Kasimov, (1 972). Uzbekskii Biologicheskii Zhurnal 6, 1 8-20. 
Zwar and Chandler, (1995). Planta 197, 39-48. 



55 



200480031589. 6 




1/35T 



< 1 1 0 > ttKWniXJ JJLW\ ThZi±Z/\ 

<i2o> mm^^mimM^m^ 

<160> 3 

<210> 1 

<211> 2739 

<212> DNA 

<213> zK^MWOryza 

<223> sbel cDNA 



sat iva 



<400> 1 

Gccaccgaca 

?ctcct tccc 
cgcctgagc 
ctcagttcct 
ccacct tcct 
taggataaaa 
agaatttt ct 
tcgtgaatgg 
tggtgcaaaa 
tgtcaatggg 

?ggtggagca 
aaat ttgga 
gt ttaagcat 
gatgagtggt 
acgcatacgg 
ctatgct t ct 
accagaggat 

?gatgt tgtc 
ggacaaaac 
ggatagtcgt 
gagatattgg 

?ctataccat 
t tggatacc 
actct tgccg 
gccagt tgat 
atggat tgac 
aactt tgact 
gtccat tgtt 
catgtcagac 
gattcact tc 
gtt tggccat 
atgcagacgt 
at ttgatcaa 

?at tgt tagc 
tttgttt tc 
gcccgggaag 
agt tggccat 
aaatttcaac 
ttactatcgc 
aaagat tgt t 
ctggaagggc 
ttctgacgaa 
cttgtaat ct 
tgtacctatc 
atgatgtggc 
cat ccagaat 

<210> 2 
<211> 3015 
<212> DNA 

<213> zKSIMWOryza sat iva 
<223> sbella cDNA 



t ccgccgcaa 
tctctcgctg 
gtggtt tctt 
gcgactgcgc 
atatatgatc 
agatacct eg 
aaaggctatt 
gcgcctgctg 
cacaagatgg 
aagcctgcca 
tgggt tgatc 
get ccatatg 
cct cgacctc 
gaagaqccaq 

?caaataac€ 
t tgggtatc 
ctqaaatatc 
catagecatq 
act catgagt 
ctqttcaact 
atggacgaat 
caccatggta 
gatgtggatg 
gaagcaacta 

?aagqtggag 
acctgaaga 
aacaggagat 

?qtgacaaga 
tgcagcctg 
at tacgatgg 
ccaqaatgga 
cagtggagcc 
gcaatgaatg 
gacatqaacg 
aat t ttcatc 
tacagagtag 
gatgtggatc 
aaccgcccta 
gt tgatqaag 
acagagtata 
t ccgagaagg 
gaetgeaaat 

?gagatcctg 
atgatatqa 
ct taaacctg 
aaaacagctg 



tgctgtgt ct 
at cgaccgag 
cgccgcgccg 

?aaaaaacaa 
ggaccctaa 
accagaaatg 
tgaagt ttgg 
cacaagaagc 
agaaqgataa 
tccctcacaa 
gtatt cccgc 
atggtgtaca 
caaaacctga 
aagtaagcac 
acaacacagt 
acgtgacaaa 
t tgt tgacaa 
cgagtaataa 
ct tat t ttca 
atgccaattg 
t catgt t tga 
t caataagqg 
caattgtt £a 
ttgttqctga 
tagggtttga 
acaaagagga 
atacagaaaa 
ctatagcat t 
ct tcacctac 
ccct tqgagg 
t tgact t tec 
ttgt cgacac 
cactcgagga 
agaaagataa 
ccaacaaaac 
ctctggact c 
act t cacgt c 
actcat tcaa 
ategtgaaga 
t cgatgt tga 
acgat tgtgg 
gaaqcatcag 
gettqect tg 
act t tatgta 
agetgeacaa 
ttcat ttacc 



cacct cct ct 
cccgggaatc 
gtcgLqgcct 
aaccatggtg 
gt tggaqgaa 
cctgat tgaa 
gat taataca 
acagct cat t 
atttggcat t 
t tccaaqgtt 
atggat tegt 
ctgqgat cct 
tgctccacgc 
atacagagaa 
tcagttaatg 
ttt tttcgea 
qgcacatagt 
tgtgaccgat 
tacaggaqat 
qgagqtctta 
tqqct tccga 
atttactgga 
catgatgetc 
agatgtt t eg 
ctt ccgcctg 
ccgcaaatgg 
atgeat tgee 
tctct tgatg 
catcaaccgt 
tgatggctac 
aagagaaggc 
tgatcacct t 
ggaatttt cc 

?gt tattgtc 
tacaagggt 
tgatgctttg 
t cccgaggga 
agtcct ttcc 
gctcaggagg 
agcaacaagt 
caagaaaggg 
atttct tgat 

?acttggt tg 
agt tegect 
gcctaatgta 
atct caaaa 



tcct cct ccg 
gcgggcgggg 
ggaaaggt ca 
actgt tgtgg 
t tcaaggat c 
aaacatgagg 
gttgatggtg 

?gtgagt t ca 
ggt caat ca 
aaat ttcget 
tatgeaact t 
ccagcctgtg 
a tctatgagg 
t ttgeagaca 
gcaat catgg 
gt cagcagca 
t taggat tac 
ggt ctaaa tg 
aggggctacc 
agattt ct t c 
t ttgatgggg 




ggcatgccag 
geaatggeca 
t caatgagtg 
tatgecgaga 
gacaaggaaa 

?gcat tgcac 
taaat ttta 
aacaactgga 
cgatacaagt 
ttcctgtcat 
t ttgaacgtg 
tacaaagt eg 
gtctt tggtg 
atgecaggag 
ccqccccgta 
ggtggagcag 
ggggagacta 
atgaagtt tg 
caggagcaac 
tggtt ct t ta 
taaagaaaga 
aaaataaagt 



cgcccgctcc 
gtggcaatgt 
agaccaatt t 
aggaggtcga 
act tcaacta 
ggggccttga 
ccacaatata 
ataactggaa 
agatt tcaca 
t taggcatgg 

t tgatgee t c 
aaaggtacgt 
ctcatgtggg 
atgtgt tacc 
aacatt ccta 
gat caggaac 
gagttctgat 
getatgaegt 
ataaactctg 
t ttctaatt t 
t tacat caat 
agtat ttcag 
taatgcataa 
tgctttgtcg 
t tcctgatag 
aaatagtgca 

?ccatgat ca 
gtacactgg 
tccaaaagat 
tgggcaatga 
gctatgataa 
atatgaatgc 
cat caaagca 
gagat ttggt 
gatgtgact t 

?ccatggaag 
accagaaac 
cctgtgtggc 
ttgcttctgg 
t ctctggtgg 
tgtttcggtc 
tgt tggtgcc 
gcagt tgcta 
ataagcagtg 
t t caggcttt 



<400> 2 

ct tgact ccc 
catt tgegge 
acegggggat 
geggeggegg 
tgetet tcag 

?gaaggtgct 
ggaaact ca 
ttgaggagga 
acaaacttga 
t caaagatgc 
atgggcagaa 
accgatacag 



cccact cctc 
gggagggat c 
ggcgtcgt t c 
eggegggggt 
gaggaaggac 
ggtgcctggc 
agagcaacct 
ggaagagat t 
af ct tcagaa 
tgatgaacca 

?atataccaa 
gaatacaag 



cctcgtgctg 
tgegegegag 
gcggtgtccg 

?gcccggcgg 
ccttctcac 
ggtgggagcg 
gaagaatct c 
ccagcagtgg 
gtgat tcaag 
actgtggagg 
attgacccaa 
agaatgegtg 



ctcct cct eg 
tgcgtgcggg 
gegegagget 
cgegat cegg 
gtggcgttgt 
aegacttget 
agatacctga 
cagaagcaag 
acattgagga 
ataaaccacg 
tgctggaagg 
cagctat tga 



t cgctcggct 
caggeggegg 
eggggtegtg 
cggggtggac 
gagctgegeg 
gtcct ctgcg 
rgataataaa 
cataaaggt t 
aaatgtgact 
agt tatccca 
attteggaac 
ccaacatgaa 



egaggegegg 
gggagcaege 
egggeggggg 
t tgccgt egg 
ggtgctcctg 
gaaccagacg 
gtaaaacct t 
gtggctgaag 
gagggtgtga 
ccaccaggag 
cat ct tgact 
ggtggcttgg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2739 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
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atgcatt ttc 
accgagaatg 
acccaaatgc 
acaatgctga 
caccat ctgg 
gtgaaatacc 
aacatcctca 

?tagcccgga 
taaaaagct 
caagctt tgg 
aagact tgaa 
ttgt tcacag 
atacaca t ta 
tcaactatgg 
aagaatacaa 
atggt ttaca 
ttgatgcagt 
ctgtagccat 
gtggtgttgg 
tcaagcaaag 
ggtggt caga 
agactat tgc 
cftcaacacc 
tgggct tagg 
ggatagatt t 
actacagt tt 
at catggtat 
tgacatctga 
agagaggaga 

?cgtcggt tg 
tggtggat t 
acaacagacc 
ttacagagga 
aatgacgccg 
tttgaggggc 
gagctcctgt 
agctatacca 
gt tggcat t 1 
agtgct caaa 

<210> 3 

<211> 2918 

<212> DNA 

<213> ?k^3E#Oryza 

<223> sbellb cDNA 

<400> 3 



tcgtggt tac 
ggcacctgga 
agatactatg 
tggat cccct 
cgtaaaggat 
gtacaacggt 
acctaaacga 
accgaagata 
tgggtacaat 
gtatcatgt t 
at ctctgatt 
tcatgcatca 
ct tccatggt 
gagt tgggaa 
gt ttgatggg 
ggtggcat tt 
agtttact tg 
tggtgaagat 
tt ttgactat 
tgacgaatat 
gaagtgtgt t 
at tctqqt tq 
tcgcat tgat 
aggcgaaggc 
cccaagaggc 
tgataaatgc 
gcaagagttt 

?caccagtat 
t tggtat t c 
tt taaagcct 
cagt cggct t 
atgtt cattc 
ctaatgatca 

?aatacaact 
tgtgttt ca 
tt tcgagtga 
aacccatcct 
gtatgt t tat 
aaaaa 



gaaaagct tg 
gcacagtctg 
accagaaatg 

?ctatt cctc 
caatt cctg 
atatat tatg 
ccaaattcgc 
aacacatatg 
gctgtacaga 
actaact t ct 
gataaagctc 
aacaataccc 
ggaccacggg 

?tt t taagat 
t tcgatt tg 
actggcaact 
atgctggtga 
gt cagcggga 
cgtt tgcata 
tggaaaatgg 
acttatgcag 
atggataagg 
cgtgggatag 
tatcttaat t 
ccgcaaagt c 
cgtcgtagat 
gat caggcca 
atat cgcgca 
gtgt tcaact 
ggaaagtaca 

?atcatqatg 
cggtgtaca 
gctctgatca 
caagtgaaag 
tcgccaatgc 
ctcqtgaagg 
atgt tgcgca 
gaataa t ctg 



gattcacccq 
caqcat tagt 
aqtatggtgt 
atggct cacg 
cctggat taa 
at ccacctga 
tqcgqatata 
ctaatt ttag 
taatggcaa t 
t tgcgccaag 
acgaqct tgg 
tqgatggt t t 
gtcatcactg 
atttactgt c 
atgggg tgac 
atggcgaata 
acgatctaat 
tgcccacat t 
tggctgtacc 
gtgatatcgt 
aaagtcatga 
ataxgtatga 
cattacataa 
tcatgggaaa 
t tccaaatgg 
t tgacct tgg 
tgcagcatct 
aacacgagga 
t ccactggag 
agattgtgt t 
ctgagtact t 
ccccaagcag 
t tgggggaac 
gtgaaaagaa 
caggaagatg 
aaatagacca 
tt cgctgtag 
t t cgacagaa 



cagcgctgaa 
aggtgact t c 
t tgggagat t 
tgtaaagat t 
gt ttgctgtg 
agaagaaaaa 
tgaatcacat 

ggatgaggtg 
ccaggagcac 
tagccgEt tc 
t ttgct tgta 
gaatggtt tt 
gatgtgggat 
gaatgcaagg 
ct ccatgatg 
t tt tggatt t 
tcatgggct t 
t tgtat tcct 
ggacaaatgg 
gcacacccfa 
ccaagcacta 
t tttatggct 
aatgat tagg 
tgagtt tggg 
ct cggtcctc 
agatgcagat 
tgaggaaaaa 




ggact cagac 
cactgctgac 
aaccgccgt c 
aact caaggg 
aggctgccct 
aggtagaaaa 
gggtgaacgg 
t tttgtacat 
atgttt t t ct 



ggcat tacct 
aacaattgga 
t ccctgccta 
cggatggata 
caggct ccag 
tatgtattcc 

attggaatga 

ctaccaagaa 
t ct tattacg 
ggaaccccag 
ct tatggata 
gatggtactg 
t ct cgcctgt 
tggtggct tg 
tatact catc 

?ctactgatg 
atcctgagg 
gt tcaagatg 
at cgaactcc 
acgaatagaa 
gt tggtgaca 
ctagacagac 
ct tgtcacca 
catcctgaat 
ccaggaaaca 
tatcttagat 
tatggattca 
at catct t eg 
t ttgactatc 
gatggectet 
tggccgcatg 
gtgtatgcac 
agttggtggt 
gacgatgtga 
gectactgat 
cttttttcag 
aacgatat eg 
cct tgtatt t 



sat iva 



cggcgcacac 
gagggt ttag 
gggegaga tg 
ggccgtgcgg 
gaegt cgegg 
eggggggege 
egagagegae 
tgatgaat ta 
cgt tgaaggc 
cccaccaaca 

?taccat ct t 
gaaggagga 
tgaaggtg tc 
ct tcaacaat 
gattt ttctg 

?gtgcgaatg 
gtgeaggee 

?aagtacata 
catgt tgga 
ggtgct tcca 

?catgcatat 
1 1 egggace 
tgtgct catg 
t t ttgatggt 
ggat tetege 
aagatggtgg 
gatgtacact 
att tgecact 
act ttatcct 
t cctgt t caa 
atggat tgaa 
actgactaac 
actagt tggt 

?gctctggac 
agact tat c 



ccacacaccg 
gtggaagcag 

?cggcgccgg 
tccccgtgc 
tegctget ct 
gtggccgtgc 
gggatgeegg 
ageaeggagg 
gtgaagagag 
ggagatgggc 
gaatat cgat 
ctggaaacat 
act tat cgag 
tggaatccaa 
cctaacaatg 
gaaact ccaf 
gcaggagaaa 
1 1 caagcat c 
atgagtagca 
agaa z caaaa 
tatggaagct 
ccagaagat t 
gatgttgt tc 
acagataege 
ctt ttcaact 
ct cgaggagt 
cat catggat 
gatgetgatg 
gaggecataa 
gatggtgggg 
ctcctcaagc 
agaaggtggt 
gacaaaacta 
agaceggcaa 
acaatggggt 



accaccaggc 
agegeggggg 
cgtctgcggt 
cagccggggc 
ccggccggag 
gegeggeggg 
tttcagcagg 
t tggagctga 
tggt tgaaga 
aaaaaatat t 
atagectata 
tt tetcgegg 
aatgggctcc 
atgcagaccg 
ctgatggct c 
ctggtataaa 
tcccatacaa 
ct caacctaa 
eggagecaaa 
agct tggata 
ttgggtacca 
taaagt cat t 
acagccatgc 
attact ttca 
atgggaat tg 
ataagt ttga 
tacaagtagc 
cagtagt t ta 
ccatcggtga 
ttggt t t tga 
aaagtgatga 
cagagaagtg 
ttgeat tctg 
cacctagcat 
taggaggaga 



agegect cct 
t tgccggggg 
t cccgggagc 
ccggagctgg 
at tccccggt 
cgcgt caggg 
ttcagacgat 
agttgagat t 
at tagctget 
ccagatggac 
taggagactg 
t tatgagaag 
eggggcacat 
catgagcaaa 
at ct cctat t 

?gat tctat t 
ggaatatat 
aagaccaaag 
gatcaacacg 
caatgeagtg 
tgtcaccaat 
gattgataaa 

?tcaaataat 
agtggt tea 

?gaagtt eta 
ggt 1 1 caga 
at t tacgggg 
ct tgatgctg 
agatgtcagt 
ttat egcett 
atct tggaag 
tgttact tat 

?t tgatggac 
gatcgtgga 
aggctatctt 



cget ttggct 
at ccgatccg 
geggegggge 
cgtgcggcgg 
geegtt cgcg 
gaggtgatga 
ctgcagt tgc 
gagt cat ctg 
gagcagaaac 
tetatget ta 
cgtt cagaca 
tttggat tta 
t ctgeagcat 
aatgagt ttg 
ccacatggct 
cctgcctgga 
tatgatcctc 
t cat tgcgga 
tatgeaaact 
caaataatgg 
ttct ttgeae 
gctcatgagc 
accctagatg 
cgcggccatc 
agatttctac 
tt tgacggtg 
aactacagtg 
gtaaatgatt 
ggaatgecta 
cata tggctg 
atgggtgata 
gctgaaagtc 
aaggatatgt 
atagcat tgc 
aact t tatgg 



ct cgcgtgag 
~ctgcggtgc 
aegggeggg 
cggagctccc 
tggggggttc 
t ccccgaggg 
cagecttaga 
gagcaagtga 
cacgagttgt 
a tggctataa 
t tgatcagta 
a tcacagtgc 
tagtaggtga 
gtgt ttggga 
cacg tgtaaa 
t caagf act c 
ctgaagagga 
tatacgaaac 
t tagggatga 
caat tcaaga 
caagtaqtcg 
t tggtt tagt 
ggttgaacgg 
at tggatgtg 
tatccaatgc 
taacct caat 
aatact t tgg 
taat tcatgg 
catt tgeect 
tt cctgacaa 
t tgtgcacac 
atgatcaagc 
atgattttat 
ataaaatgat 
gaaatgagtt 



780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3015 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
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cggacatcct gaatggattg attttccaag aqctccacaa gtacttccaa atggtaaatt 2160 

catcccaggg aataacaaca gttatgataa atgccgtcga agatttgacc tqgqtgatgc 2220 

ggactatctt aqgtatcgtg gcatgctaga gtttgaccgc gcgatgcaqt ctctcgagga 2280 

aaaatatggg ttcatgacat cagaccacca gtacatatct cgaaagcatq aagaqgataa 2340 

gatgattata tttgagaagg gagatctggt atttgtgttc aacttccatf qgaqtaacag 2400 

ctattttgac taccgtgttg gttgtttaaa gccagggaaa tataaggtgg tcttggactc 2460 

agatqctqga ctctttggtg gatttggcag gatccatcac actgcagagc acttcactgc 2520 

cgattgttca catgacaaca ggccctactc gttctcagtt tattctccta gcagaacctg 2580 

cgttgtctat gctccagcgg aatgaqaaca ccaagaggca gcatgcaagt gtqtgcggct 2640 

ctagtgcga aggaqcaaga aaaactagtt gccagcaatc tqtqaacqgc ttScctaggt 2700 

ctqcttcga tgaatgccgg atagactaga cagct tqct t ttqtgctttq cgctcccaat 2760 

ttgtagtttt agtttgtgag ggaaaqaaac gtttatttgt aattatctat ggctqtcgaa 2820 

cggcgacgaa accatgaacc ccqtatattt gttggtaccg ttcgaactgc cagttataca 2880 

tagttctgca cttctgtaca tcttgtgatg cttgaatc 2918 



58 



200480031589. 6 



ifc m =B ffl m mmm 



1 GCCACCGACA TCCGCCGCAA TGCTGTGTCT CACCTCCTCT TCCTCCTCCG CGCCCGCTCC 
61 GCTCCTTCCC TCTCTCGCTG ATCGACCGAG CCCGGGAATC GCGGGCGGGG GTGGCAATGT 
121 TCGCCTGAGC GTGGTTTCTT CGCCGCGCCG GTCGTGGCCT GGAAAGGTCA AGACCAATTT 
181 CTCAGTTCCT GCGACTGCGC GAAAAAACAA AACCATGGTG ACTGTTGTGG AGGAGGTCGA 
241 CCACCTTCCT AT AT AT GAT C TGGACCCTAA GTTGGAGGAA TTCAAGGATC ACTTCAACTA 
301 TAGGATAAAA AGATACCTCG ACCAGAAATG CCTGATTGAA AAACATGAGG GGGGCCTTGA 
361 AGAATTTTCT AAAGGCTATT TGAAGTTTGG GATTAATACA GTTGATGGTG CCACAATATA 
4 21 TCGTGAATGG GCGCCTGCTG CACAAGAAGC ACAGCTCATT GGTGAGTTCA ATAACTGGAA 
4 81 TGGTGCAAAA CACAAGATGG AGAAGGATAA ATTTGGCATT TGGTCAATCA AGATTTCACA 
541 TGTCAATGGG AAGCCTGCCA TCCCTCACAA TTCCAAGGTT AAATTTCGCT TTAGGCATGG 
601 GGGTGGAGCA TGGGTTGATC GTATTCCCGC ATGGATTCGT TATGCAACTT TTGATGCCTC 
661 TAAATTTGGA GCTCCATATG ATGGTGTACA CTGGGATCCT CCAGCCTGTG AAAGGTACGT 
721 GTTTAAGCAT CCTCGACCTC CAAAACCTGA TGCTCCACGC ATCTATGAGG CTCATGTGGG 
781 GATGAGTGGT GAAGAGCCAG AAGTAAGCAC ATACAGAGAA TTTGCAGACA ATGTGTTACC 
841 ACGCATACGG GCAAATAACT ACAACACAGT TCAGTTAATG GCAATCATGG AACATTCCTA 
901 CTATGCTTCT TTTGGGTATC ACGTGACAAA TTTTTTCGCA GTCAGCAGCA GATCAGGAAC 
961 ACCAGAGGAT CTGAAATATC TTGTTGACAA GGCACATAGT TTAGGATTAC GAGTTCTGAT 
1021 GGATGTTGTC CAT AGC C AT G CGAGTAATAA TGTGACCGAT GGTCTAAATG GCTATGACGT 
1081 TGGACAAAAC AC T CAT GAG T CTTATTTTCA TACAGGAGAT AGGGGCTACC ATAAACTCTG 
1141 GGATAGTCGT CTGTTCAACT ATGCCAATTG GGAGGTCTTA AGATTTCTTC TTTCTAATTT 
1201 GAGATATTGG ATGGACGAAT TCATGTTTGA TGGCTTCCGA TTTGATGGGG TTACATCAAT 
12 61 GCTATACCAT CACCATGGTA TCAATAAGGG ATTTACTGGA AACTACAAGG AGTATTTCAG 
1321 TTTGGATACC GATGTGGATG CAATTGTTTA CATGATGCTC GCAAACCATT TAATGCATAA 
1381 ACTCTTGCCG GAAGCAACTA TTGTTGCTGA AGATGTTTCG GGCATGCCAG TGCTTTGTCG 

14 41 GCCAGTTGAT GAAGGTGGAG TAGGGTTTGA CTTCCGCCTG GCAATGGCCA TTCCTGATAG 
1501 ATGGATTGAC TACCTGAAGA ACAAAGAGGA CCGCAAATGG TCAATGAGTG AAATAGTGCA 

15 61 AACTTTGACT AACAGGAGAT ATACAGAAAA ATGCATTGCC TATGCCGAGA GCCATGATCA 
1621 GTCCATTGTT GGTGACAAGA CTATAGCATT TCTCTTGATG GACAAGGAAA TGTACACTGG 
1681 CATGTCAGAC TTGCAGCCTG CTTCACCTAC CATCAACCGT GGCATTGCAC TCCAAAAGAT 
1741 GATTCACTTC AT T AC GAT GG CCCTTGGAGG TGATGGCTAC TTAAATTTTA TGGGCAATGA 
18 01 GTTTGGCCAT CCAGAATGGA TTGACTTTCC AAGAGAAGGC AACAACTGGA GCTATGATAA 
18 61 ATGCAGACGT CAGTGGAGCC TTGTCGACAC TGATCACCTT CGATACAAGT ATATGAATGC 
1921 ATTTGATCAA GCAATGAATG CACTCGAGGA GGAATTTTCC TTCCTGTCAT CATCAAAGCA 
1981 GATTGTTAGC G AC AT G AAC G AGAAAGATAA GGTTATTGTC TTTGAACGTG GAGATTTGGT 
2041 TTTTGTTTTC AATTTTCATC CCAACAAAAC TTACAAGGGT TACAAAGTCG GATGTGACTT 
2101 GCCCGGGAAG TACAGAGTAG CTCTGGACTC TGATGCTTTG GTCTTTGGTG GCCATGGAAG 
2161 AGTTGGCCAT GATGTGGATC ACTTCACGTC TCCCGAGGGA ATGCCAGGAG TACCAGAAAC 
2221 AAATTTCAAC AACCGCCCTA ACTCATTCAA AGTCCTTTCC CCGCCCCGTA CCTGTGTGGC 
2281 TTACTATCGC GTTGATGAAG ATCGTGAAGA GCTCAGGAGG GGTGGAGCAG TTGCTTCTGG 
2341 AAAGATTGTT ACAGAGTATA TCGATGTTGA AGCAACAAGT GGGGAGACTA TCTCTGGTGG 
24 01 CTGGAAGGGC TCCGAGAAGG ACGATTGTGG CAAGAAAGGG ATGAAGTTTG TGTTTCGGTC 
24 61 TTCTGACGAA GACTGCAAAT GAAGCATCAG ATTTCTTGAT CAGGAGCAAC TGTTGGTGCC 
2521 CTTGTAATCT GGAGATCCTG GCTTGCCTTG GACTTGGTTG TGGTTCTTTA GCAGTTGCTA 
2581 TGTACCTATC TAT G AT AT G A ACTTTATGTA TAGTTCGCCT TAAAGAAAGA ATAAGCAGTG 
2 641 ATGATGTGGC CTTAAACCTG AGCTGCACAA GCCTAATGTA AAAATAAAGT TTCAGGCTTT 
2701 CATCCAGAAT AAAACAGCTG TTCATTTACC ATCTCAAAA 
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1 CTTGACTCCC CCCACTCCTC CCTCGTGCTG CTCCTCCTCG TCGCTCGGCT CGAGGCGCGG 
61 CATTTGCGGC GGGAGGGATC TGCGCGCGAG TGCGTGCGGG CAGGCGGCGG GGGAGCACGC 
121 ACCGGGGGAT GGCGTCGTTC GCGGTGTCCG GCGCGAGGCT CGGGGTCGTG CGGGCGGGGG 
181 GCGGCGGCGG CGGCGGGGGT GGCCCGGCGG CGCGATCCGG CGGGGTGGAC TTGCCGTCGG 
241 TGCTCTTCAG GAGGAAGGAC TCCTTCTCAC GTGGCGTTGT GAGCTGCGCG GGTGCTCCTG 
301 GGAAGGTGCT GGTGCCTGGC GGTGGGAGCG ACGACTTGCT GTCCTCTGCG GAACCAGACG 

3 61 TGGAAACTCA AGAGCAACCT GAAGAATCTC AG AT AC C T G A T G AT AAT AAA GTAAAACCTT 
421 TTGAGGAGGA GGAAGAGATT CCAGCAGTGG CAGAAGCAAG CATAAAGGTT GTGGCTGAAG 

4 81 ACAAACTTGA ATCTTCAGAA GTGATTCAAG ACATTGAGGA AAATGTGACT GAGGGTGTGA 
541 TCAAAGATGC TGATGAACCA ACTGTGGAGG ATAAACCACG AG T TAT C CCA CCACCAGGAG 
601 ATGGGCAGAA GATATACCAA ATTGACCCAA TGCTGGAAGG ATTTCGGAAC CATCTTGACT 
661 ACCGATACAG TGAATACAAG AGAATGCGTG CAGCTATTGA CCAACATGAA GGTGGCTTGG 
721 ATGCATTTTC TCGTGGTTAC GAAAAGCTTG GATTCACCCG CAGCGCTGAA GGCATTACCT 
781 ACCGAGAATG GGCACCTGGA GCACAGTCTG CAGCATTAGT AGGTGACTTC AACAAT TGGA 
841 ACCCAAATGC AGATACTATG ACCAGAAATG AGTATGGTGT TTGGGAGATT TCCCTGCCTA 
901 ACAATGCTGA TGGATCCCCT GCTATTCCTC ATGGCTCACG TGTAAAGATT CGGATGGATA 
961 CACCATCTGG CGTAAAGGAT TCAATTCCTG CCTGGATTAA GTTTGCTGTG CAGGCTCCAG 

1021 GTGAAATACC GTACAACGGT AT AT AT TAT G ATCCACCTGA AGAAGAAAAA TATGTATTCC 
1081 AACATCCTCA ACCTAAACGA CCAAATTCGC TGCGGATATA TGAATCACAT ATTGGAATGA 
1141 GTAGCCCGGA ACCGAAGATA AACACATATG CTAATTTTAG GGATGAGGTG CTACCAAGAA 
1201 TTAAAAAGCT TGGGTACAAT GCTGTACAGA TAATGGCAAT CCAGGAGCAC TCTTATTACG 
12 61 CAAGCTTTGG GTATCATGTT ACTAACTTCT TTGCGCCAAG TAGCCGTTTC GGAACCCCAG 
1321 AAGACTTGAA ATCTCTGATT GATAAAGCTC ACGAGCTTGG TTTGCTTGTA C T TAT G GAT A 
1381 TTGTTCACAG TCATGCATCA AACAAT ACCC TGGATGGTTT GAATGGTTTT GATGGTACTG 

14 41 ATACACATTA CTTCCATGGT GGACCACGGG GTCATCACTG GATGTGGGAT TCTCGCCTGT 
1501 TCAACTATGG GAGTTGGGAA GTTTTAAGAT ATTTACTGTC GAATGCAAGG TGGTGGCTTG 

15 61 AAGAATACAA GTTTGATGGG TTTCGATTTG ATGGGGTGAC CTCCATGATG TATACTCATC 
1621 ATGGTTTACA GGTGGCATTT ACTGGCAACT ATGGCGAATA TTTTGGATTT GC TACT GAT G 
1681 TTGATGCAGT AGTTTACTTG ATGCTGGTGA AC GAT C T AAT TCATGGGCTT TATCCTGAGG 
1741 CTGTAGCCAT TGGTGAAGAT GTCAGCGGGA TGCCCACATT TTGTATTCCT GTTCAAGATG 
1801 GTGGTGTTGG TTTTGACTAT CGTTTGCATA TGGCTGTACC GGACAAATGG ATCGAACTCC 
18 61 TCAAGCAAAG TGACGAATAT TGGAAAATGG GTGATATCGT GCACACCCTA AC G AAT AG AA 
1921 GGTGGTCAGA GAAGTGTGTT ACTTATGCAG AAAGTCATGA CCAAGCACTA GTTGGTGACA 
1981 AGACTATTGC ATTCTGGTTG ATGGATAAGG AT AT G TAT G A TTTTATGGCT CTAGACAGAC 
2041 CTTCAACACC TCGCATTGAT CGTGGGATAG CATTACATAA AATGATTAGG CTTGTCACCA 
2101 TGGGCTTAGG AGGCGAAGGC TATCTTAATT TCATGGGAAA TGAGTTTGGG CATCCTGAAT 
2161 GGATAGATTT CCCAAGAGGC CCGCAAAGTC TTCCAAATGG CTCGGTCCTC CCAGGAAACA 
2221 ACTACAGTTT TGATAAATGC CGTCGTAGAT TTGACCTTGG AGATGCAGAT TATCTTAGAT 
2281 AT CAT GG TAT GCAAGAGTTT GATCAGGCCA TGCAGCATCT TGAGGAAAAA TATGGATTCA 
2341 TGACATCTGA GCACCAGTAT ATATCGCGCA AACACGAGGA GGATAAGGTG ATCATCTTCG 
24 01 AGAGAGGAGA TTTGGTATTC GTGTTCAACT T C C AC T GG AG TAATAGCTAT TTTGACTATC 
24 61 GCGTCGGTTG TTTAAAGCCT GGAAAGTACA AGATTGTGTT GGACTCAGAC GATGGCCTCT 
2521 TTGGTGGATT CAGTCGGCTT GAT CAT GAT G CTGAGTACTT CACTGCTGAC TGGCCGCATG 
2581 ACAACAGACC ATGTTCATTC TCGGTGTACA CCCCAAGCAG AACCGCCGTC GTGTATGCAC 
2 641 TTACAGAGGA CTAATGATCA GCTCTGATCA TTGGGGGAAC AACTCAAGGG AGTTGGTGGT 
27 01 AATGACGCCG GAATACAACT CAAGTGAAAG GTGAAAAGAA AGGCTGCCCT GACGATGTGA 

27 61 TTTGAGGGGC TTGTGTTTCA TCGCCAATGC CAGGAAGATG AGGTAGAAAA GCC TACT GAT 
2821 GAGCTCCTGT TTTCGAGTGA CTCGTGAAGG AAATAGACCA GGGTGAACGG CTTTTTTCAG 

28 81 AGCTATACCA AACCCATCCT ATGTTGCGCA TTCGCTGTAG TTTTGTACAT AACGATATCG 
2941 GTTGGCATTT GTATGTTTAT GAATAATCTG TTCGACAGAA ATGTTTTTCT CCTTGTATTT 
3001 AGTGCTCAAA AAAAA 
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1 CGGCGCACAC CCACACACCG ACCACCAGGC AGCGCCTCCT CGCTTTGGCT CTCGCGTGAG 
61 GAGGGTTTAG GTGGAAGCAG AGCGCGGGGG TTGCCGGGGG ATCCGATCCG GCTGCGGTGC 
121 GGGCGAGATG GCGGCGCCGG CGTCTGCGGT TCCCGGGAGC GCGGCGGGGC TACGGGCGGG 
181 GGCCGTGCGG TTCCCCGTGC CAGCCGGGGC CCGGAGCTGG CGTGCGGCGG CGGAGCTCCC 
241 GACGTCGCGG TCGCTGCTCT CCGGCCGGAG ATTCCCCGGT GCCGTTCGCG TGGGGGGTTC 
301 CGGGGGGCGC GTGGCCGTGC GCGCGGCGGG CGCGTCAGGG GAGGTGATGA TCCCCGAGGG 
3 61 C GAG AG C G AC GGGATGCCGG TTTCAGCAGG TTCAGACGAT CTGCAGTTGC CAGCCTTAGA 
421 TGATGAATTA AGCACGGAGG TTGGAGCTGA AG T T GAG AT T GAGTCATCTG GAGCAAGTGA 
481 CGTTGAAGGC GTGAAGAGAG TGGTTGAAGA ATTAGCTGCT GAGCAGAAAC CACGAGTTGT 
541 CCCACCAACA G GAG AT GGGC AAAAAATATT CCAGATGGAC TCTATGCTTA ATGGCTATAA 
601 GTACCATCTT GAATATCGAT ATAGCCTATA TAGGAGACTG CGTTCAGACA TTGATCAGTA 
661 TGAAGGAGGA CTGGAAACAT TTTCTCGCGG T T ATGAGAAG TTTGGATTTA AT C AC AG T GC 
721 TGAAGGTGTC ACTTATCGAG AATGGGCTCC CGGGGCACAT TCTGCAGCAT TAGTAGGTGA 
781 CTTCAACAAT TGGAATCCAA ATGCAGACCG C AT G AGCAAA AATGAGTTTG GTGTTTGGGA 
841 GATTTTTCTG CCTAACAATG CTGATGGCTC ATCTCCTATT CCACATGGCT CACGTGTAAA 
901 GGTGCGAATG GAAACTCCAT CTGGTATAAA GGATTCTATT CCTGCCTGGA TCAAGTACTC 
961 TGTGCAGGCC GCAGGAGAAA T C C C AT AC AA TGGAATATAT TATGATCCTC CTGAAGAGGA 
1021 GAAGTACATA TTCAAGCATC CTCAACCTAA AAG AC CAAAG TCATTGCGGA TATACGAAAC 
1081 TCATGTTGGA AT GAG TAG C A CGGAGCCAAA GAT C AAC AC G TATGCAAACT TTAGGGATGA 
1141 GGTGCTTCCA AGAATCAAAA AGCTTGGATA CAATGCAGTG CAAATAATGG CAATTCAAGA 
1201 GCATGCATAT TATGGAAGCT TTGGGTACCA TGTCACCAAT TTCTTTGCAC CAAGTAGTCG 
1261 TTTCGGGACC CC AG AAG ATT TAAAGTCATT GAT T GAT AAA GCTCATGAGC TTGGTTTAGT 
1321 TGTGCTCATG GATGTTGTTC ACAGCCATGC GTCAAATAAT ACCCTAGATG GGTTGAACGG 
1381 TTTTGATGGT ACAGATACGC ATTACTTTCA TAGTGGTTCA CGCGGCCATC ATTGGATGTG 
14 41 GGATTCTCGC CTTTTCAACT ATGGGAATTG GGAAGTTCTA AGATTTCTAC TATCCAATGC 
1501 AAGATGGTGG CTCGAGGAGT ATAAGTTTGA TGGTTTCAGA TTTGACGGTG TAACCTCAAT 
1561 GAT G T AC AC T CAT CAT GG AT TACAAGTAGC ATTTACGGGG AACTACAGTG AATACTTTGG 
1621 ATTTGCCACT GATGCTGATG CAGTAGTTTA CTTGATGCTG GTAAATGATT TAATTCATGG 
1681 ACTTTATCCT GAGGCCATAA CCATCGGTGA AG AT G T C AG T GGAATGCCTA CATTTGCCCT 
1741 TCCTGTTCAA GATGGTGGGG TTGGTTTTGA TTATCGCCTT CATATGGCTG TTCCTGACAA 
1801 ATGGATTGAA CTCCTCAAGC AAAGTGATGA ATCTTGGAAG ATGGGTGATA TTGTGCACAC 
18 61 ACTGACTAAC AGAAGGTGGT C AG AG AAG T G TGTTACTTAT GCTGAAAGTC ATGATCAAGC 
1921 ACTAGTTGGT GACAAAACTA TTGCATTCTG GTTGATGGAC AAGGATATGT ATGATTTTAT 
1981 GGCTCTGGAC AGACCGGCAA CACCTAGCAT TGATCGTGGA ATAGCATTGC AT AAAAT GAT 
2041 TAG AC T TAT C ACAATGGGGT TAGGAGGAGA AGGCTATCTT AACTTTATGG GAAATGAGTT 
2101 CGGACATCCT GAATGGATTG ATTTTCCAAG AGCTCCACAA GTACTTCCAA ATGGTAAATT 
2161 CATCCCAGGG AATAACAACA GTTATGATAA ATGCCGTCGA AGATTTGACC TGGGTGATGC 
2221 GGACTATCTT AGGTATCGTG GCATGCTAGA GTTTGACCGC GCGATGCAGT CTCTCGAGGA 
2281 AAAAT ATGGG TTCATGACAT CAGACCACCA GTACATATCT CGAAAGCATG AAGAGGATAA 
2341 GATGATTATA TTTGAGAAGG GAGATCTGGT ATTTGTGTTC AACTTCCATT G GAG T AAC AG 
2 4 01 CTATTTTGAC TACCGTGTTG GTTGTTTAAA GCCAGGGAAA TATAAGGTGG TCTTGGACTC 
2 4 61 AGATGCTGGA CTCTTTGGTG GATTTGGCAG GATCCATCAC ACTGCAGAGC ACTTCACTGC 
2521 CGATTGTTCA CATGACAACA GGCCCTACTC GTTCTCAGTT TATTCTCCTA GCAGAACCTG 
2 581 CGTTGTCTAT GCTCCAGCGG AAT GAG AAC A CCAAGAGGCA GCATGCAAGT GTGTGCGGCT 
2 641 GCTAGTGCGA AGGAGCAAGA AAAACTAGTT GCCAGCAATC TGTGAACGGC TTTCCTAGGT 
2701 TCTGCTTCGA TGAATGCCGG ATAGACTAGA CAGCTTGCTT TTGTGCTTTG CGCTCCCAAT 
27 61 TTGTAGTTTT AGTTTGTGAG GGAAAGAAAC GTTTATTTGT AATTATCTAT GGCTGTCGAA 
2 821 CGGCGACGAA AC CAT G AAC C CCGTATATTT GTTGGTACCG TTCGAACTGC CAGTTATACA 
2 881 TAGTTCTGCA CTTCTGTACA TCTTGTGATG CTTGAATC 
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Kpnl - 657 - G_GTAC'C 
Jft>flI-6fil-T'CTAG_A 
Spel - 682 - A'CTAGT 



EcoBI- 1172 - G'AATTC 
Xkol- 1178- CTCGA_G 
BamHl- 1198 - G'GATC_C 
Kpnl- 1200 G_GTAC'C 

Nod- 1209 - GC'GGCC GC 
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iTprcI-657- G_GTAC"C 
^SaI-661-T , CTAG_A 
AM -679- GC'GGCC GC 



Spel- 1153 - A'CTAG_T 



EcoBl - 1643 - G'AATT C 



Xkol- 2120 - CTCGA_G 
SamHI- 2132 - G"GATC_C 
£fwl-2142 - G_GTAC'C 
Aba- 2151- GC'GGCC GC 
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82 GCGCGGGGGTTGCCGGGGGATCCGATCCGGCTGCG . GTGCGGGCGAGATG 130 

Mill! I I I I I I I I I Mill I I I I I I I I I I I I I 
55 gcgcggcatttgcggcggga . gggat ctgcgcgcgagtgcgt gcgggcag 103 

• • • • > 

131 GCGGC GCCGGCGTCTGCGGTTCCCGGGA 158 

MMI I I I 1 I I I I I I I I I I I 

104 gcggcgggggagcacgcaccgggggatggcgtcgttcgcggtgtcc.ggc 152 

15 9 GCGCGGCGGGGCTACGGGCGGGGGCCGTGCGGTTCCCCGTGCCAGCCGGG 2 08 

Ml Ml M M MMI I I I M I I I i I M II I 

153 gcgaggctcggggtcgtgcgggcggggggcgg . . . . cggcggcggcgggg 198 

• • » m m 

209 GCCCGGAGCTGGCGTGCGGCGGCGGAGCTCCCGACGTCGCGGTCGCTGCT 25 8 

i I I II I I I II II I I I I I ! I II I I I f I 

199 gtggcccggcggcgcgatccggcgggg. . . . tggacttgccgtcggtgct 244 

» • • ■ * 

259 CTCCGGCCGGAGATTCCCCGGTGCCGTTCGCGTGGGGGGTTCCGGGGGGC 308 

Mil Ml M I I M I I I I II I 
245 cttcaggagga aggactccttct cacgtggcgtt 278 

• • • . . 

30 9 GCGTGGCCGTGCGCGCGGCGGGCGCGTCAGGGGAGGTGATGATCCCCGAG 358 

I M I I I II I I I I I I I! I I I I I I I I I | | 
279 gtgagctgcgcgggtgctcctgggaaggtgctggtgcctggc 320 

• • • • a 

35 9 GGCGAGAGCGACGGGATGCCGGTTTCAGCAGGTTCAGACG 398 

I I I I I I I II I 1 II I I I I II I I II I M 
321 ggtgggagcgacgacttgctgtcctctgcggaaccagacgtggaaactca 37 0 

• • • • « 

3 99 ATCTGCAGTTGCC AGCCT 416 

M II I II I M I I I I 

371 agagcaacctgaagaatct . cagatacctgatgataataaagtaaaacct 419 

• • • . . 

417 T AGATGATGAATTAAGCACGGAGGT 4 41 

I M I I M II M I I I I I 

4 20 tttgaggaggaggaagagattccagcagtggcagaagcaagcataaaggt 4 69 

• • • • . 

4 42 T GG AG C T G AAG T T GAG AT T GAG T CAT C TGGAG 4 73 

M II I II II I II M II M III 
470 tgtggctgaagacaaacttgaatcttcagaagtgattcaagacattgagg 519 

• 

4 74 CAAGTGACGTTGAAGGCGTGAAGAGAGTGGTTGAAGAATTAGCTGCTGAG 523 

MM I M II I M I III I I II I II I I II ill 
52 0 aaaatgtgactgagggtgtgatcaaagatgctgatgaaccaactgtggag 5 69 

• • • * ■ 

52 4 C AG AAAC C AC GAG T T G T C C C AC C AAC AG GAG AT G G G C AAAAAAT AT T C C A 57 3 

I M II I II II M I II M I II I II II II II II II I M II II III 
570 gataaaccacgagttatcccaccaccaggagatgggcagaagatatacca 619 

• • • » * 

57 4 GATGGACTCTATGCTTAATGGCTATAAGTACCATCTTGAATATCGATATA 623 

M I II I II II I j I I I I I II II | || M | | | || | || | 
620 aattgacccaatgctggaaggatttcggaaccatcttgactaccgataca 669 



624 GCCTATATAGGAGACTGCGTTCAGACATTGATCAGTATGAAGGAGGACTG 673 

I M I I I II I I M I I II I II I II I I I II I II I M II 
67 0 gtgaatacaagagaatgcgtgcagctattgaccaacatgaaggtggcttg 719 
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67 4 GAAACATTTTCTCGCGGTTATGAGAAGTTTGGATTTAATCACAGTGCTGA 

II I I I I I I I I I I I I I I I II Ml II I I I I I I I Ml II I I I 
720 gatgcattttctcgtggttacgaaaagcttggattcacccgcagcgctga 

• ♦ ■ * * 

7 24 AGGTGTCACTTATCGAGAATGGGCTCCCGGGGCACATTCTGCAGCATTAG 

Ml I II II I I 1 I I I I 1 I I I II II I I I I I I I I I I I I I I I I I I 
770 aggcattacctaccgagaatgggcacctggagcacagt ctgcagcattag 

• • • » ■ 

7 7 4 T AGGTGAC T T CAAC AAT T GG AAT C C AAAT GC AGAC C G CAT G AGC AAAAAT 

I I I I I I I I I i I I I I I I I I I I I I I I I II II M I I i II i I I Mil 
82 0 taggtgacttcaacaattggaacccaaatgcagatactatgaccagaaat 

• • • • • 

8 24 GAGTTTGGTGTTTGGGAGATTTTTCTGCCTAACAATGCTGATGGCTCATC 

I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I 1 I II I 
87 0 gagtatggtgtttgggagatttccctgcctaacaatgctgatggat cccc 

• • ■ • • 

8 7 4 TCCTATTCCACATGGCTCACGTGTAAAGGTGCGAATGGAAACTCCATCTG 

I II II I I I I I I I I I I M I I I I I I I I I I II I I I I I II f I I I I I I 
92 0 tgctattcctcatggctcacgtgtaaagattcggatggatacaccatctg 

• « • • ■ 

92 4 GTATAAAGGATTCTATTCCTGCCTGGATCAAGTACTCTGTGCAGGCCGCA 

I II I II I II I I I I I I I I I I I II I I I I I I I I I I I I I I I I I II 
97 0 gcgtaaaggattcaatt cctgcctggattaagtttgctgtgcaggctcca 

■ ■ • • • 

97 4 G GAG AAAT C C CAT AC AAT G G AAT AT AT TAT GAT CC T C C T GAAG AGGAG AA 

II I I I I I II I I I I I II I I I I I I I 1 II I I I I I I I I I I I I I I II 
1020 ggtgaaataccgtacaacggtatatattatgatccacctgaagaagaaaa 

• * * • • 

102 4 GTACATATTCAAGCATCCTCAACCTAAAAGACCAAAGTCATTGCGGATAT 

II Mill I I II II I I I I II M II I M II I I II II M M II I 
107 0 atatgtattccaacatcctcaacctaaacgaccaaattcgctgcggatat 

• • ♦ • • 

107 4 ACGAAACTCATGTTGGAATGAGTAGCACGGAGCCAAAGATCAACACGTAT 

I Ml I III I I I I I I I M II I M MM II II I II I I I II 111 
112 0 atgaatcacatattggaatgagtagcccggaaccgaagataaacacatat 

• • • * * 

112 4 G C AAAC T T T AGG G AT G AGG T G C T T C C AAG AAT C AAAAAG C T T GG AT AC AA 

M II II II II I II II I II II I II II 1 I II M II I II I I II I I I I I 

117 0 gctaattttagggatgaggtgctaccaagaattaaaaagcttgggtacaa 

• * * * m 

117 4 TGCAGTGCAAATAATGGCAATTCAAGAGCATGCATATTATGGAAGCTTTG 

III II M I II II II II I I M I I I II I II II I I II I I I I I I 
1220 tgctgtacagataatggcaatccaggagcactcttattacgcaagctttg 

***** 

122 4 GGTACCATGTCACCAATTTCTTTGCACCAAGTAGTCGTTTCGGGACCCCA 

MM Mill II II II II II I I II II I II I M II II II II I I I I 

12 7 0 ggtatcatgttactaactt ctttgcgccaagtagccgtttcggaacccca 

• • m a a 

121 A GAAG AT T T AAAG T CAT T GAT T GAT AAAGC T CAT GAGC T T G GT T TAG T T G T 

I I II I II II II I II I I I II II I I I II I I II I I I I I II I I I I I 
1320 gaagacttgaaatctctgattgataaagctcacgagcttggtttgcttgt 

• m 9 * * 

1324 GCTCATGGATGTTGTTCACAGCCATGCGTCAAATAATACCCTAGATGGGT 

M I II II I M II I II II I I II I I Mill II II I II I I I II I I 
137 0 acttatggatattgttcacagtcatgcatcaaacaataccctggatggtt 
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***** 

137 4 TGAACGGTTTTGATGGTACAGATACGCATTACTTTCATAGTGGTTCACGC 14 23 

I I I I I I II I I I f I I I M I I I I I I I I I I I I I I I I I I I I I I I I I 

14 20 tgaatggttttgatggtactgatacacattacttccatggtggaccacgg 14 69 

• • • • ■ 

14 24 GGCCATCATTGGATGTGGGATTCTCGCCTTTTCAACTATGGGAATTGGGA 14 7 3 

II Mill II I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

14 70 ggtcatcactggatgtgggattctcgcctgttcaactatgggagttggga 1519 

14 74 AGTTCTAAGATTTCTACTATCCAATGCAAGATGGTGGCTCGAGGAGTATA 1523 

I I I I llllll I I I I I II I I I M I M II II I II I II ! I II I 
1520 agttttaagatatttactgtcgaatgcaaggtggtggcttgaagaataca 1569 

• • • • • 

1524 AGTTTGATGGTTTCAGATTTGACGGTGTAACCTCAATGATGTACACTCAT 157 3 
M II M II II II M II M I II M I I I I I I II II II I I I II I I 

15 7 0 agtttgatgggtttcgatttgatggggtgacctccatgatgtatactcat 1619 

• • • • • 

157 4 CATGGATTACAAGTAGCATTTACGGGGAACTACAGTGAATACTTTGGATT 162 3 

Mill M I M II II I II I M II II II I I I I II I II II II I I 
162 0 catggtttacaggtggcatttactggcaactatggcgaatattttggatt 1669 

• ■ ■ • « 

1624 TGCCACTGATGCTGATGCAGTAGTTTACTTGATGCTGGTAAATGATTTAA 167 3 

Ml I M II II M I M II II II I M I II I ! I II I M I I II I M III 
167 0 tgctactgatgttgatgcagtagtttacttgatgctggtgaacgatctaa 1719 

167 4 TTCATGGACTTTATCCTGAGGCCATAACCATCGGTGAAGATGTCAGTGGA 172 3 

I I M I I I I II I I I I II M M I II MM I M M I II II II I I M 
1720 ttcatgggctttatcctgaggctgtagccattggtgaagatgtcagcggg 17 69 

• • • • . 

1724 ATGCCTACATTTGCCCTTCCTGTTCAAGATGGTGGGGTTGGTTTTGATTA 1773 

I M I I llllll I I I I II II I I II || I I I I I M II I II II I I II 

17 7 0 atgcccacattttgtattcctgttcaagatggtggtgttggttttgacta 1819 

• « • * • 

17 7 4 TCGCCTTCATATGGCTGTTCCTGACAAATGGATTGAACTCCTCAAGCAAA 182 3 

I I I I I II II I I I II I II II I II I I f M I M II II II I II II II I 
182 0 tcgtttgcatatggctgtaccggacaaatggatcgaactcctcaagcaaa 18 69 

• • • • ■ 

182 4 GTGATGAATCTTGGAAGATGGGTGATATTGTGCACACACTGACTAACAGA 187 3 

I I II MM llllll II I II II I I I I II I II II I II M II II I 

1870 gtgacgaatattggaaaatgggtgatatcgtgcacaccctaacgaataga 1919 

• » • > . 

187 4 AGGTGGTCAGAGAAGTGTGTTACTTATGCTGAAAGTCATGATCAAGCACT 192 3 

M II I II 1 II II I II II II I II I M I II I II II II II I II II II I I II 
192 0 aggtggtcagagaagtgtgttacttatgcagaaagtcatgaccaagcact 1969 

• ■ ■ ■ ■ 

192 4 AG TT GG TGACAAAACTATTGC AT TCTGGTTGATGGACAAGGATATGT AT G 197 3 

II II I I I II M I II II II I II I I II II II I II I II I II I I II I I I M I 

197 0 agttggtgacaagactattgcattctggttgatggataaggatatgtatg 2 019 

• • • ■ * 

197 4 ATTTTATGGCTCTGGACAGACCGGCAACACCTAGCATTGATCGTGGAATA 2 02 3 

M M I II II II I I I II II II I I I I II I II II I II II II II I I III 
2 02 0 attttatggctctagacagaccttcaacacctcgcattgatcgtgggata 2 069 

• • * • « 

2024 G C AT TGC AT AAAAT GAT TAG AC T TAT C AC AAT GGGGT T AGGAGGAG AAGG 2073 

Mill I II II II II II II I III II I I II II I I II I M II I I II I 
207 0 gcattacataaaatgattaggcttgtcaccatgggcttaggaggcgaagg 2119 
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• • • 

2074 CTATCTTAACTTTATGGGAAATGAGTTCGGACATCCTGAATGGATTGATT 2123 

I I I I I I I I I II I II I I I II I I I I I j I I I I I M I I I I I I I I I MM 
212 0 ctatcttaatttcatgggaaatgagtttgggcatcctgaatggatagatt 2169 

* 

2124 TTCCAAGAGCTCCACAAGTACTTCCAAATGGTAAATTCATCCCAGGGAAT 217 3 

I I I I I I I I I I II I II M II M M I I I II II II I M 

2170 tcccaagaggcccgcaaagtcttccaaatggctcggtcctcccaggaaac 2219 

217 4 AACAACAGTTATGATAAATGCCGTCGAAGATTTGACCTGGGTGATGCGGA 222 3 

III I I I I I I I I M I I II II I M I I M II I I II I II II Mill II 
2 22 0 aactacagttttgataaatgccgtcgtagatttgaccttggagatgcaga 22 6 9 

2224 CTATCTTAGGTATCGTGGCATGCTAGAGTTTGACCGCGCGATGCAGTCTC 2273 

M I M II I M II III I I II I I II II I M I II II II II I | 

227 0 ttatcttagatatcatggtatgcaagagtttgatcaggccatgcagcatc 2319 
2274 TCGAGGAAAAATATGGGTTCATGACATCAGACCACCAGTACATATCTCGA 2323 

I I I I I I I I M I I I I I I I I I I I II I I I II M I M I I I I I I II II 

2320 ttgaggaaaaatatggattcatgacatctgagcaccagtatatatcgcgc 2369 

• * 

2 32 4 AAGCATGAAGAGGATAAGATGATTATATTTGAGAAGGGAGATCTGGTATT 2 37 3 

II M I I M I I M I I I I I I I II || I | | | || || | | | | | || | | 

2 37 0 aaacacgaggaggataaggtgatcatcttcgagagaggagatttggtatt 2419 

• 

237 4 TGTGTTCAACTTCCATTGGAGTAACAGCTATTTTGACTACCGTGTTGGTT 24 23 

M M II II I I M II I M I I I I I I II I I II I I || | | | || || || | [ 
242 0 cgtgttcaacttccactggagtaatagctattttgactatcgcgtcggtt 2 4 69 

• 

24 24 GTTTAAAGCCAGGGAAATATAAGGTGGTCTTGGACTCAGATGCTGGACTC 24 7 3 

I I I I I I I I I I M M II III I II I I II I II I I II I III 111 
2470 gtttaaagcctggaaagtacaagattgtgttggactcagacgatggcctc 2519 

24 7 4 TTTGGTGGATTTGGCAGGATCCATCACACTGCAGAGCACTTCACTGCCGA 2 52 3 

I M M II II II I Ml MM II I M I I M II II II I II 
2520 tttggtggattcagtcggcttgatcatgatgctgagtacttcactgctga 2569 

• 

2 52 4 TTGTTCACATGACAACAGGCCCTACTCGTTCTCAGTTTATTCTCCTAGCA 257 3 

M I I I I I I I I II II II I II II II I I I II I II I I II 
257 0 ctggccgcatgacaacagaccatgttcattctcggtgtacaccccaagca 2 619 

• ♦ 

2574 GAACCTGCGTTGTCTATGCTC 2594 

Mill III II Mill I 
2620 gaaccgccgtcgtgtatgcac 2640 
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riceSBEIIalR. seq 



1 CTCGAGTCTA 
5 6 GTTGGACTC 
111 TGCTGAGT A 
166 CTCGGTG TA 
221 CTAATG ATC 
27 6 ATGAC GCCG 
331 CGAT GTGAT 
38 6 TAG AAAAGC 
441 AG AC C AG GG 
4 96 G CGCATTCG 
551 TTATGAATA 
606 TTC 



GATCGCGTC 
AGACGATGGC 
CTTCACTGC 
CACCCCAA G 
AGCTCTG AT 
GAATAC AAC 
TTGAG GGGC 
CTAC TGATG 
TGA ACGGCT 
CT GTAGTTT 
A TCTGTTCG 



G GTTGTTTA 
CTCTTTGGT 
TGACTGGCCG 
CAGAACCGC 
CATTGGGG G 
TCAAGTG AA 
TTGTGT TTC 
AGCTC CTGT 
TTTT TCAGA 
TGT ACATAA 
AC AGAAATG 



AA GCCTGGA 
G GATTCAGT 
CAT G AC AAC 
CGTCGTGTAT 
AAC AAC TC A 
AGGTGAAA A 
ATCGCCA AT 
TTTCGA GTG 
GCTAT ACCA 
CGAT ATCGG 
TTT TTCTCC 



AAG TACAAG 
CG GCTTGAT 
A GACCATGT 
GCACTTACA 
AGGGAGTTGG 
GAAAGGCTGC 
GCCAGGAAGA 
ACTCGTGAAG 
AACCCATCCT 
TTGGCATTTG 
TTGTAACTAG 



ATTGT 
CATGA 
TCATT 
GAGGA 
TGGTA 
CCTGA 
TGAGG 
GAAAT 
ATGTT 
TATGT 
TGAA 



riceSBEIIblR. seq 



1 CTCGAGTCTA 
5 6 NNNNNNNNN 
111 NNNNNNNN N 
16 6 NNNNNNN NN 
221 GAACAC CAA 
27 6 AAGAA AAAC 
331 CGAT GAATG 
38 6 NNT TGTAGT 
441 TG GCTGTCG 
4 96 T TCGAACTG 
551 TACT AG TGA 



GNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNN 
NNNNNNNN N 
GAGGCAG CA 
TAGTTG CCA 
CCGGA TAGA 
TTTA GTTTG 
AAC GGCGAC 
CC AGTTATA 
A TTC 



N NNNNNNNN 
NNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNN 
TGCAAGTG T 
GCAATCT GT 
CTAGAC ANN 
TGAGG GAAA 
GAAA CCATG 
CAT AGTTCT 



NN NNNNNNN 
N NNNNNNNN 
NNNNNNNNN 
NNNNNNNNNG 
GTGCGGCTG 
GAACGGCT T 
NNNNNNN NN 
GAAACG TTT 
AACCC CGTA 
GCAC TTCTG 



NNN NNNNNN 
NN NNNNNNN 
N NNNNNNNN 
CTCCAGCGG 
CTAGTGCGAA 
TCCTAGGTTC 
NNNNNNNNNN 
ATTTGTAATT 
TATTTGTTGG 
TACATCTTGT 



NNNNN 
NNNNN 
NNNNN 
AATGA 
GGAGC 
TGCTT 
NNNNN 
ATCTG 
TACCG 
GATGC 



riceSBEIIR. seq 



1 CTCGAGTCTN 
5 6 NNNNNNNNNN 
111 NNNNNNNNNN 
166 NNNNNNNNNN 
221 NNNNNNNNNN 
27 6 NNNNNNNNNN 
331 NNNNNNNNNN 
38 6 NNNNNNNNNN 
441 NNNNNNNNNN 
4 96 NNNNNNNNNN 
551 CTTGTAAACT 



NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNAGC 
AGTGAATTC 



NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
ATC AG ATT TC 



NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
TTGATCAGGA 



NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
NNNNNNNNNN 
GCAACTGTTG 



NNNNN 
NNNNN 
NNNNN 
NNNNN 
NNNNN 
NNNNN 
NNNNN 
NNNNN 
NNNNN 
GTGCC 
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